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- EXECUTIVE SUNII\/IARY

The Waquort Bay Watershed

Waquoxt Bay is a small estuary on the south coast of Cape Cod, Massachusetts, prized by residents
and visitors for its aesthetic beauty and recreational opportunities. The watershed covers more
than 53 square kilometers (about 21 square miles) of freshwater streams and ponds, salt ponds and
marshes, pine and oak forest, barrier beaches, and open estuarine waters. It provides a home,
spawning ground and nursery for plant and animal life including piping plovers, least terns
(eridangered birds), the sandplain gerardia (an endangered plant), and alewife, winter ﬂounder

- blue crab, scallops and clams, and anadromous and catadromous fish. ‘

The hlstory of Waquoit Bay ﬂlustrates this trend and the struggle between tradmonal econormc o
growth and conservation of natural resources. Initially. valued for hunting, farming, and fishing,
Waquoit Bay now primarily provides aesthietic and recreational opportunitics (WBNERR, 1989),
demands that have generated resxdentxal development and busmess for local marme-dependent

‘ mdustrles : - ‘ :

The environmental problems. facing Wagquoit Bay include eutrophication habitat loss, and resource
depletion (WBNERR, 1989). Eelgrass that provides life to many animals in the bay is being
replaced by thick mats of macroalgae, resulting in fish kills and the loss of bay scallops. The =
underlying aquifer, which provides local communities their sole source of drinking water, is

‘contaminated by plumes from a Superfund site.. Land development is changing the landscape and - o

contributing nutrients and contaminants to the bay. Several research projects and management
activities are under way to examine the problems in the  watershed and to provide protection for
threatened and endangered aquatic and terrestrial species and habitats, to reduce or eliminate
pollution, and to restore damaged spawning and nursery sites in the watershed. -

The Waqumt Bay watershed was selected as one of the EPA-sponsored ecological risk assessment

case studies because of interest by local, state, and federal orgamzatlons in the watershed, the type of

watershed (estuarine), the diversity of stressors (e.g., nutrients, sediments, obstructlons, ground water

contammatlon) a substantial existing database, and willingness by the'Waquoit Bay National o
’ Estuarme Research Reserve (WBNERR) and EPA Regron 1 to lead the risk assessment team.

vManagement Goals

The team charged with designing a nsk assessment for the Waquont was compnsed ofan
' mterdxscxplmary and interagency team of scientists and managers who began work in 1993. The
management goal was developed through a multistep planning process initiated and completed by
~ the Team: a public meeting to initiate the process, evaluation of goals by interested organizations in

- . the watershed, and a meeting of members of these organizations to review and approve the

- management goal and Team—derlved objectives. The overarching goal developed for the Waquont
Bay watershed risk assessment is: . :

Réestablish and nza,intain water quality and habitat conditions in WaQuoit Bay and associated
wetlands, freshwater rivers, and ponds to (1) support diverse, self-sustaining commercial,
recreatzonal and native fi. sh and shellfish populatzons and (2) reverse-ongoing degradatton of

ecologzcal resources in the watershed.
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The goal was interpreted as 10 management objectives believed to be required to achieve the goal:

- Reduce or eliminate h};poxic or anor'cic er/ents .
> Prevent toxic levels of contamination in water, sediments, and biota
> Restore and maintain self-sustaining native fish populations and their habitat
> Reestablish viable eelgrass beds and associated aquatic communities in the bay .
» Reestablish a self-sustaining scallop populatron in the bay that can support a vrable
sport fishery
> - Protect shellﬁsn beds from bacterial contarnination that results in closures
> Reduce or eliminate nuisance.macroalgal growth
> Prevent eutrophication of rivers and ponds-
- > Maintain diversity of native biot.ic communities
»  Maintain diversity of water-dependent wildlife

These objectives were intended to state explrcrtly what kmds of management results were 1mplred in
the general goal statement.

Assessment Endpoints

Eight assessment endpoints were selected to represent estuarine and freshwater components of the
ecosystem, and ecological and human health concerns: -

> Estuarme eelgrass habitat abundance and drstrrbutron

> Resrdent and Juvemle nursery estuarine f'mﬁsh species diversity and abundance
»  Clam and other benthrc mvertebrate drversrty, abundance, and distribution '

> Migratory (sea run) brook trout and alewife herring ‘repr.oduction

> Freshwater stream benthic invertebrate diversity and abundance -

- * Freshwater pond trophic status- ' |

> Water-dependent wildlife species feeding and nesting habitat

> Bacterial and contaminant content of fish and shellfish

The assessment endpoints are measurable attributes of valued resources identified in the
management goals, and the first six represent ecologically important components of the ecosystems.-

.
.
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' The include both an ennty (e.g., eelgrass) : and a measurable attrlbute (e g. dlstrlbutlon) and they

provide direction for the assessment and are the basis for the development of questions, predlcnons

: models and analyses.

Conceptual Model

- The conceptual models developed for the Waquoit Bay watershed represent a series of rlsk

hypotheses about the relationships between particular stressors-and- ecological effects expected to be |

" observed in each assessment endpoint (Figure 2). The general watershed conceptual model is a

broad representatlon of relationships among human activities in the watershed (sources), the stressors

“believed to occur as a result of those sources, and ecological effects hkely to occur in each of the

assessment endpomts

Eelgrass is highly 'susceptible to water quality conditions and reduires clear waters with ample light hE
penetration for photosynthesis. ' Shading by algae and sediments directly impacts eelgrass growth.
Excessxve growth of macroalgal mats has dtsplaced eelgrass in Waqumt Bay :

Fmﬂsh are susceptxble to hypoxic and anoxic condmons and toxic contaminants. - The loss of

~ eelgrass habitat encompasses a decrease in coverage, a decrease in density of stems, the

dlsplacement of eelgrass by macroalgae, or the conversion of eelgrass meadow to open .bottom with
sand or mud sediments. Macroalgal mats are less suitable than eelgrass asa refuge for ﬁnﬁsh and
the bottom of the macroalgal mat may be hypox1c :

" The benthic commumty can be adversely affected by loss of eelgrass, toxic: and hypoxic conditions -

and macroalgal mats. Shellfish and other benthos are also sensitive to the degree of sedimentation .
in breeding areas, the presence of critical habitats such as eelgrass beds and wetlands, and the .

extent of recreational and commercial harvesting mortality, including catch and by-catch. The

presence of eelgrass beds and sufficient water quality are thought to be the critical elements for -
supporting the appropnate habltat to maintain and promote a diverse and abundant estuarine benthle ‘
faunal community.

Spawnmg trout are susceptlble to water quahty changes They depend on smftly ﬂowmg, cold

waters that are high in dissolved oxygen. Alewife herring, which travel to John's Pond to spawn,

rely on sufficient water depth to traverse the bogs near the pond ‘Drops in the ‘water table or

reduced flow can prevent access to spawning areas. -

-

- Each of the ‘pathways from source to endpoints was Created based on assumiptions, or risk

hypotheses, about how stressors are affecting or are expected to affect targeted assessment endpoints.

- They were derived from available. information on the watershed from ecological theory on how

systems function, and from relationships established in other watersheds that are expected to be
consistent. The risk hypotheses developed for each assessment endpoint provide the foundation for -

. evaluating the cumulatlve and combmed I'lSk of more than one stressor

Each of the stressors identified in the watershed has more than one source contributing to stress in

the watershed. As noted previously, nutrients in the form of nitrogen and phosphorus in groundwater .

_ are chemical stressors implicated as a major cause of nuisance macro algal blooms and eelgrass’ R S

decline in the bay and i mcreasmg phytoplankton blooms in ponds. Chemicals that might be toxic to B ]
aquatlc organisms are coming from the MMR contaminant plumes storm drainage ditches, and
nonpoint sources such as road runoff, mxgratlon of pesticides, septlc system leachate, and
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atmosphenc deposition. Suspended and resuspended orgamc matter is a physxcal stressor that
increases turbidity and decreases light penetration to eelgrass beds. Physical alteration of estuarme
habitat includes increased sediment disturbance, bottom disruption, and shading from dock
construction; mechanical disruptior: from clam, digging, boat propellers,-and moorings, and habitat
fragmentation that results from these activities. Hydrologic modification is another physical stressor -
that results in altered stream flow patterns and reductions in the flow volume, velocity, and path of
rivers and results in loss of spawning habitat for anadromous fishes. Fishes are being harvested from
the estuary and rivers and ponds, as well as from offshore, affecting population abundances and the
composition of aquatic communities. Another potential blologxcal stressor in the estuary is eelgrass
wasting disease caused by the slxme mold (Labyrinthula). -

Analysis Plan

A large number of assessment endpoints were identified in thls risk assessment A comparative risk .
analysis was conducted by the risk assessment team to help define which stressors, assessment
endpoints, and relationships should be examined further. For the preliminary analysis, stressors

were ranked in terms of potential risk to all resources in the watershed, using a “fuzzy set” decision
analysis method that is based on best professional judgment. The analysis ranks the stressors in

order of greatest overall contribution of risk to the endpoints, based on an ordinal effect of a stressor
on that endpoint, ranging from no effect to severe  effect. The results of the comparative analysis
ranked nutrients first, followed by physical alteration and toxic chemicals, then harvest-and flow
alteration, and finally suspended sediments and eelgrass disease. .

Based on the comparative risk analysis, and prevailing scientific opinion prior to the analysis, excess '
nutrient loading is the principal stressor that prevents most of the management objectives from being .
met. Thus, further analysis to be conducted for the ecological risk assessment of the Waquoit Bay
watershed will identify and address critical gaps in the relationship between nutrient loading and
assessment endpoints. The first part of the analysis will develop a predictive model of the response
of the extent and cover of eelgrass (ecological effect) to nutrient loading (exposure) in estuaries of
Cape Cod. The second part of the analysis will predlct future nutrient loading to Waquoit Bay under
various scenarios of development. .

The approach will be to develop one or more regression models of eelgrass cover in similar estuaries ‘
found on Cape Cod. Eelgrass cover in each estuary, digitized from a series of aerial images, will be
the response variable. The principal predlctlve variable will be nitrogen loading, estimated for near
and more distant sources in each estuary using extant N loading models. An alternative model will
use watershed land use directly as a predictive variable. The objective is to develop predlctwe
relationships between estimated nitrogen loadings (from all sources) and eelgrass cover in Cape Cod .
estuaries, to be applied to predicting the response of “Waquoit Bay to future changes in N loading.

Achieving low nitrogen loading to Waquoit Bay will require nitrogen source control, aswellasa
sufficient lag time to allow nitrogen currently in the ground water to be flushed out. The travel times
of ground water vary across the watershed, thus, nitrogen loading to the estuary is not a function of )
land use at any one point in time. A second analysis will be conducted to examine the time lag-
between contamination of ground water at the point of recharge and discharge to the estuary.
Nitrogen loading rates provided by the model will then be plotted against measures of ecological
effects. The two sets of models and their estimated uncertainties can then be used to predlct the
effects of dlfferent nutrient management scenarios for Waquoit Bay.
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INTRODUCTION
Waqu01t Bay isa small estuary on the south coast of Cape Cod Massachusetts, prlzed by resxdents
and visitors for its aesthetic beauty and recreational opportunities. - The watershed covers more
than 53 square kilometers (about 21 square miles) of freshwater streams and ponds, salt ponds and
marshes, pine and oak forest, barrier beaches, and open estuarine waters. It provides a home,
spawning ground, and nursery for a diversity of plant and animal life including piping plovers,
least terns(endangered birds), the sandplain gerardia (an endangered plant), and alewife, winter -
* flounder, blue crab, ‘scallops and clams, and anadromous and catadromous fish. But the bay is
changmg Eelgrass that provides life to ‘many animals in the bay is being replaced by thick mats of
macroalgae. This has resulted in fish kills and the loss of bay scallops. The aquifer underlying the -
_ watershed, which provides the communities of Falmouth, Mashpee, and Sandwich their sole source

- of drinking water, is contaminated by plumes from a ‘Superfund site, - Land development is ‘

'_ changing the landscape and contributing nutrients and contaminants to the bay Local communities
. are concemed for thexr health and the value the bay adds to thetr lives. :

Worldwxde other estuanes are expenencmg snmlar water. quahty problems as a result of mcreasmg
numbers of people moving to coastal areas (Submerged Aquatic Vegetation Workgroup, 1995).
The history of Waquoit Bay in Falmouth and Mashpee illustrates this trend and the struggle -
between traditional economic growth and conservation of natural resources. Initially valued for
hunting, farming, and fishing, Waquoit Bay now prlmanly provides aesthetic and recreational
. opportunities (WBNERR, 1989), demands that have generated residential development and business
for local marine-dependent industries. Across Cape Cod more than 65,000 permits for smgle—
family homes were authorized between 1970 and 1989 a major portlon of which were in Falmouth
"~ and Mashpee (Culhton et al., 1992). ‘

The envxronmental problems Waqu01t Bay faces include eutrophlcatlon habitat loss, and resource
~ depletion (WBNERR, 1989). These changes led to the designation of Waquoit Bay as an Area of
Critical Environmental Concern (ACEC) in 1979 by the Commonwealth of Massachusetts. In
1988, the federal government and State of Massachusetts formally established the Waquoit Bay
National Estuarine Research Reserve (WBNERR). The estuary is a-study site under the Waquort
Bay Land Margin Ecosystems Research (LMER) project funded by the National Science
Foundation (NSF), the U.S. Environmental Protection Agency (EPA), and the National Oceanic

- and Atmospheric Admnnstranon (NOAA). This is a multidisciplinary project studying the effects

of changing land use patterns ‘on ecosystem function. LMER scientists, water resource scientists
from the Cape Cod Commission for regional planning, and scientists-from the Buzzard’s Bay
National Estuary Program are evaluating nutrient loadmg calculations and management options for
Waquort Bay. In April 1995, a new U.S. Fish and Wildlife Refuge was established that will provide
a contiguous arc of undeveloped land on the bay. In place also are management plans for federally
- endangered and otherwise protected species such as piping plovers, least terns, and roseate terns. -
* In May of 1994, Waquoit Bay was declared a Federal No-Discharge Zone, offering some
‘protection against dumping of boat wastes. Increased recreational boating and a proliferation of -
docks led to new regulations on dock construction in the ACEC management plan. Along with -
Waquoit Bay, the trout spawning reach of the Quashnet River has been designated an ACEC and
the river classified as Class B, to be used for protection and propagatlon of fish, other aquatic life’
‘ ,and wildlife and for prlmary and secondary-contact recreation (Baevsky 1991)

'EPA Reglon 1 formally nominated the Waqu01t Bay watershed in 1993 for mclusxon in an EPA-
sponsored project to develop watershed—level ecologleal risk assessmentcase studies. Waquoit was
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selected as one of five watersheds because of interest by local, state, and federal organizations in
the watershed, the type of watershed (€stuarine), the diversity of stressors (e.g., nutrients,
sediments, obstructions, ground water contamination), willingness by the WBNERR and EPA
Region I to lead the risk assessment team, and a substantial existing database. Although significant
research has been completed in the watershed to date, the value added by « ~ducting a risk
assessment in the Waquoit Bay watershed is based on (1) a focus on multiy:. stressors and relative
risk, (2) identification of significant data gaps and design of a research agenda that is more ,
balanced and broad-based, and (3) an mterpretauon of risk that is useful for pending management
decisions.

This document describes the work done by an interdisciplinary and interagency team of scientists
and managers (see Appendix A) to develop the Waquoit Bay watershed ecological risk assessment.
It is organized into two sections. The first, on the management goal for the watershed, presents the .
goal and the process used to establish it. The second section is the problem formulation for the risk
assessment. The analysis and risk characterization phases of the nsk assessment are under
development. :

2 . Waquoit Bay Watershed Ecological Risk Assessment ..
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1. O PLANNING THE RISK ASSESSMENT

The Waqu01t Bay watershed ecological risk assessment was based ona proposal by managers in

- WBNERR and EPA Region 1 who were concerned about the changing quality of the Bay. Based
on this interest, a risk assessment team was assembled (Appendix A) and planning for the risk
Aassessment began in 1993. l

. The objectlves of the planning were to establish clear-and agreed-upon goals for watershed o
resources, to determine the purpose for the risk assessment within the context of those goals, and to -
agree on the scope and .complexity of the risk assessment (USEPA, 1996). One of the principal
challenges for meeting planning objectives for this risk assessment was to develop a management
goal for watershed resources that diverse members of the community could support. To meet the

" requirements of planning, the risk assessment team (theTeam) worked with watershed risk.

managers (the Managers) to develop and implement a process for ascertaining the interests and -

goals of the public; local, stite, and federal ‘organizations; and other resource managers.in the

. watershed. Below is a description of the goal and an explanatlon of how it was derived and '
interpreted. The scope, complexity, and focus of the assessment are also delmeated

1.1 EstabliShing the Management Goal
~ The management goal for Waquoit Bay was generated through discussions with risk‘managers and
risk assessors in the watershed, participation on the Team by local risk managers, and dlalogues -

‘ wrth interested parties concerned about watershed resources.

" 1.1.1 The Management Goal

Reestablish and maintain water quality and habitat conditions in Waquoit Bay and associated .
wetlands, freshwater rivers, and ponds to (1) support diverse, self-sustaining commercial,

W recreational, and native fish and shellfish populatzons and (2) reverse ongomg degradatzon of .
ecologzcal resources in the watershed.

1‘.1.2 Interpreting the Management Goal for Risk Assésnient ‘

The management goal is a qualitative statement that captures the essential interests expressed by
different management organizations and the public in the Waquoit Bay watershed (see Section
1.1.3). In order for the management goal to support an ecological risk assessment, the goal was
“evaluated by the Team and interpreted as 10 management objectives believeq to be required to .
achieve the goal (see Table 1). These objectives were intended to state explicitly what kinds of
" management results were implied in the general goal statement. By performmg this kind of
evaluation, the Team provided feedback to the managers on the ecological characteristics of the
 goal, developed a systematic process for identifying assessment endpomts that could be directly
linked to the management goal, and prov1ded a way to ‘measure achievement of the goal for nsk
managers. :

Table 1 is partitioned into three categories. The “Estuarine and Freshwater category includes -

_ three objectives that are common to both surface water types. Four objectives under the
“Estuarine” category and three objectives under the “Freshwater” category-are unique to those -
waters: The 10 objectives are stated as goals for specific aspects of exposure, stressors, and valued

DRAFT—June 13, 1996 S A 3




Y

ecological resources. Assessment endpoints were selected and justified based on these: objecnves
(see Section 2.3). Although the goal was developed by the Managers, the specific management
objectives were generated by the Team based on available information on watershed resources.
The objectives were then: prov1ded to managers for their consideration and approval (see Sectlon
1.1.3).

Table 1. The Waquoit Bay watershed management goal, mterpreted as 10 management obJectlves that
are implied by and needed to achieve the goal

Affected Area Number A "Cémponent.Managcmeht Objective s

Estuarine and 1 Reduce or eliminate hypoxic or anoxic events
Freshwater

Prevent toxic levels of contamination in water, sediments, and biota

Restore and maintain self-sustaining native fish populaiions and their habitat

Reestablish viable eelgx‘ass beds and associated aquatic communities in the bay

Reestablish a self-sustaining scallop population in the bay that can support a viable
sport fishery

Protect shellfish beds from bacterial contamination that results in c'losur_es

Reduce or eliminate nuisance macroalgal growth

Freshwater . Prevent eutrophication of rivers and ponds

Maintain diversity of native biotic communities

10 Maintain diversity of water-dependent wildlife

1.1.3 Process for Selecting the Management Goal

The management goal was developed through a mulustep process initiated and completed by the
Team. Three principal approaches were used: a pubhc meeting, evaluation of written goals by
organizations having jurisdiction over or interest in the ecological resources of the watershed, and a
meeting of members of these orgamzauons to review and approve the management goal and Team— ‘
derived objectives.

Public Meeting. EPA, in conjunction with WBNERR, held a public forum on September 21,
1993. The forum was advertised and reported in local newspapers (Appendix B) to receive input
on what was valuable to the public about the Waquoit Bay watershéd and what the public believed .
were the principal stressors placing these values at risk. Each participant was asked to answer two
questlons (1) What do you value in the watershed? (2) What is placing those values at risk?
Participants provided a substantial list of values and an array of chemical, physical, and biological
stressors (Appendix C). - This feedback provided a basis for Team generation of'a working
management ‘goal, which was used to guide the collection and evaluanon of avaﬂable information
dunng the initial stages of problem formulation. :

Orgamzatumal Goals. The written goals established for Waqumt Bay by local, regional, and
national resource management organizations with jurisdiction in the watershed were collected by

the Team and summarized. Based on written documentation published by the organizations, or as
represented by statute, the Team generated short descriptors which are provided in Table 2. These -
orgamzatxonal goals were"used to refine the risk assessment management goal and develop the 10
management objectives.

Wagquoit Bay Watershed Ecological Risk Assessment




Risk Manageméizt Team Consensus. To finalize the management goal, members of concerned

organizations (see Appendix D) were invited to a meeting sponsored by WBNERR in Waquoit on

- February 24, 1995. The working management goal, the summary of organizational goals, and the
interpretation of the goal as 10 management objectives was presented to meeting participants. The
management goal and objectives for the risk assessment were approved as modified by the

. organization representatives at the ‘meeting. _Participants in this’ meeting are considered the risk
management team for the risk assessment. - They w1ll be. prmcrpally responsible for nnplemennng
management plans in Wagquoit Bay.

'Table 2. Summary statement of goals and obJectlves of federal state, -and local’ orgamzatlons w1th
management jurisdiction i mn Waquort Bay

" esitile Godl

Orgamzatlon

Association for the Preservanon of Cape | "Assist [other organizations] ... to de’crea'se hitrogen loading to Waduoit,Bay"

Atlantlc States Marrne Fisheries ' Coordinates marine'ﬁsheries management in state waters
Commission : )
Cape Cod Commission - - "Protect the region's resources .... protect and improve coastal water quality and ' '
i “ shellfish habitat” :
¥ Citizen Action Committee (f(';rmed of Reverse ongomg degradanon and protect water quality and habitats of Waquort
representatives -from other groups) Bay :
- Citizens for the Protection of Waquoxt . "Preservatron of the environment (physxcal aesthetic and otherwrse) and the
Bay - | natural resources of the Waquoit Bay area” :

Massachusetts Coastal Zone Management "Protection of natural and cultural resources in the coastal zone"

Massachusetts Department of - | Non-degradation of coastal waters (Waquort Bay is class SA or waters with DO - .
Environmental Protection T > 5mg/L and where shellfish do not requtre depuratron) o o '
" National Marine Flsheries Service Implements Magnuson Act for marine nshenes management in federal waters
: : ) : and the Marine Mammal Protection Act (wrth USFWS)
NOAA Na‘tional Estuarine Research .| "Establish and manage a national network of protected areas . .. Mobilize .
Reserve System federal, state and community resources to mutually define and achreve coastal
) ' protecnon and management goals and objectives” '
U. S.‘ Army Corps of Engineers . Regulatton and mamtenance of navigational channels in rivers and harbors;
S . - oversight over coastal armonng, issue permits for constructron in waters and
. wetlands (Sectlon 404) -

U. S. Environmental Protection‘Agency Implementation of national environmental laws, including the Clean Water Act

U. S. Fish and Wildlife Service . Implementatron of the Endangered Specxes Act; management of Natronal Wildlife
e C Refuges )

'Waqu'oit Bay National Estuarine -"Protect in perpetuity.fqr the purposes of research and education; ... Promote

Research Reserve Lo 5 -] stewardship and estuarine awareness through outreach activities..."

Waquort Bay Watershed Intermumcxpal ‘"E\/»aluate possible options to lrnnrove water quality in the watershed”
Commxttee ‘ S )

1.2 'Mana‘gement Decisions

The ongoing and easily observed degradation occurring ‘in Waquoit Bay is causing managers in'the .
watershed to look for better ways to manage valued resources Key issues requiring decisions
mclude nutrlent control, reducing bactenal contamination in shellﬁsh and containment of ground
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water contamination. -To achxeve the goals for the watershed, there mlght also bé other unportant
considerations.

Nutrient inputs to the watershed are recognized as a serious problem. Managers are considering the
feasibility of installing denitrification technology and alternative sewage treatment for homes and
businesses along the bay and in the surrounding watershed. Treatment of sewage is a critical issue . -
that must be addressed on technical, financial, and ecological grounds. The risk assessment is to
address the impact of nitrogen in the watershed and predict the effectiveness of nitrogen reduction
.in meeting management goals. Bacterial contamination of shellfish beds is a related concern for

septic system management. . : '

Managers are evaluating alternative management options for protecting the watershed from ground
water contaminants now reaching the ponds and expected to reach the estuary within 10 years. A
proposed extraction and treatment plan might result in more significant ecological effects than will
occur if exposure to the contaminants is allowed. Alternative options must be ¢onsidered:

|
Boating and clamming activities are increasing in the Bay and might require more stringent
controls. Location of boating traffic and clamming could be important to reestablishing important
infaunal and epifaunal benthic commumnes Better enforcement of speed limits and ﬁshmg
activities might be necessary.

Among the more critical considerations for many of these stressors is land development and use. .
Recommendations concerning land use that are based on ecological risk are desired.

1.3  Purpose, Scope, and Complexity. of the Risk Assessment

The purpose of this risk assessment was to determine what and how human activities are
contributing to ongoing degradation of valued ecological entities in the Waquoit Bay watershed.
Specifically, it was designed to evaluate the relative contributions of dominant stressors to support
management decisions about changing land use, installing new septic system treatment technology,
evaluating management options for cleanup of groundwater contamination, 1dent1fymg key research -
needs, and providing the framework for predicting what effect possible management actions will
have on key ecological resources at risk. The risk assessment was not legally mandated.. The -
WBNERR is particularly interested in the risk assessment as a vehicle for developing a research
agenda. The risk assessment will also serve as a source of information as several governmental
organizations begin management of contammated ground water. .
The intended scope of the assessment was to address individual stressors’ effects and the combined
risk of multiple stressors within the last 10 years in comparison with historical records ‘spanning 50
years. Although significant data on the watershed have been collected, most are related to nutrient
inputs and “build-out” (i.e., residential and other land development), with additional data on
groundwater contamination. Relatively few data are available on the biological changes assocjated
with specific levels of these stressors or other stressors identified by the Team, although this is
beginning to change, in part due to the development of problem formulation. While the problem
formulation is as broad as possible, the scope of the risk assessment was narrowed to reflect data
limitations. Where data are few, the Team identified key missing information and made
recommendations on types of data collection for future work to assess the combmed impacts of
multiple stressors.
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During problern formulatlon the intent of the Team was to be'as complete and comprehensxve as

possible about relationships between stressors and ecological values selected as assessment

-endpoints within the 21-square-mile area representing the surface watershed. The conceptual'.
models developed iniclude all identified sources of stress, stressor types, effects, and a selection of

assessment endpoints that best represent the management goal for the fresh and estuarine waters of
.. the watershed. The terrestrial component is not represented in the risk assessment aside from one

assessiment endpoint on water-dependent wildlife habitat and recognition that terrestrial impacts

influence what occurs within water. Although the ground water component underlies the .

watershed, it is not conﬁned w1thm the 21-square-m11e area and therefore represents a scale larger

than that of this risk assessment.

Once conceptual models were developed it was the intent of the Team to select spec1ﬁc stressor-

- assessment endpoint relationships to pursue based on both the importance of the relationship to - L

~ perceived overall risk and the amount of data available to evaluate the relationship.’ In some cases
assumptrons were made to allow analys1s understandmg that these assumptlons add to the
uncertamty of results. The Team W1ll attempt to evaluate the combmed nsk of multlple stressors.

: Lumtauons in the rlsk assessment reflect s1gmﬁcant lumtatlons on avallable resources. All
‘members of the risk assessment team are professionals from federal, state, and local organizations,
who provided their expertise and time without grant or contract funds. Limited contract support
was used to provide some assistance to the team. Although efforts were made to foster more’
academic participation, this was directly limited by the Team’s. inability to provxde funding. Key
researchers in the watershed were included as resource people. No new data were collected to
conduct this assessment, but best efforts were made to use available data effectlvely The success
of this risk assessment was based on effective leveraging of available resources. Ltrmtatlons
although significant; did not prevent the achlevement of important results.

7
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2.0 WAQUOIT BAY PROBLEM FORMULATION

To develop problem formulation, a formal process was used to generate preliminary hypotheses
about why ecological effects in Waquoit Bay have occurred and to predict changes in ecological
responses both to continuing stressor inputs and to identified management actions that might reduce
stressor inputs. In the watershed, stressors of long duration were identified, as well as potential
risks from expected future human activities. To complete problem formulation, it was necessary to
evaluate hlstoncal records on the ecologlcal characteristics of the bay and the dominant human _
- activities over comparable time periods, as well as to evaluate current status. This information

provided the basis for predlctmg ecologlcal responses to management actions and future stressors. '

The Waqu01t Bay problem formulation is based onan assessment of avallable information that
prov1ded the foundation for risk hypothesis development A brief summary of key information is
provided below and supplemented by more detailed information in Appendix E. Based on the

- management goal and available information, assessment endpoints were selected by the Team.
These assessment endpoxnts were used as the focus in the development of conceptual models and -
- the analysis plan. The followmg sections descrxbe the result of these steps in the problem o
formulation process.

2.1 Assessment of Available Information -

The initial step in problem formulation was to identify and assess available information on the -
characteristics of the watershed, observed ecological effects, and possible stressors on the system. -
This section provides a brief overview of information on the Waquoit Bay watershed. It highlights
the information most pertinent to understanding the risk assessment and is not intended tobe
’comprehenslve More comprehensive mformauon is provxded in Appendlx E.

211 Characterization ot' the Ecosystem at Rlsk

The Waquoit Bay watershed covers more than 53 square kilometers (about 21 square mlles) and
‘spans parts of the towns of Falmouth, Mashpee, and Sandwich on the south coast of Cape Cod,

Massachusetts (Babione, 1990; Cambareri et al., 1992, 1993). It extends 8 kilometers (5 miles).
from the head of the bay to the regional ground water divide i in the vicinity of Snake Pond (Figure -

1). The watershed includes estuarine and freshwater systems encompassed in seven subwatersheds
(Childs River, Sage Lot Pond, Quashnet River, Eel Pond, Head of the Bay, Hamblin Pond and
Jehu Pond) and four large ponds (Ashumet Johns, Snake and Flat) ' .

The Waqumt Bay watershed hke all of Cape Cod isa geologlcally young landform composed of -
glacial materials deposited on top of bedrock toward the end of the Wlsconsxman Glacial Stage
about 12,000 years ago (LeBlanc et al., 1986; Oldale, 1992) The watershed lies entirely within
the Mashpee pitted outwash plain. The term pitted refers to sites where blocks of glacial ice were
buried during glacial retreat. When the blocks melted, depressions formed and ﬁlled with water,
creating numerous kettle ponds (e.g., Ashumet and Johns ponds)
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Subwatersheds:

1 - Eel Pond

2 - Childs River

3 - Quashn@t River
4 - Head of the Bay
5 - Hamblin Pond
6 -~ Jehu Pond

7 - Sage Lot Pond
A - Ashumet Pond %)
B - John's Pond
C - Snake Pond
D -Flat Pond

Figure 1. WaquoitBay watershed and subwatersheds (Brawley and Sham, in prep.). .
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Waquoxt Bay may have originated as a kettle pond whose southern margm was ﬂooded by

subsequent sea level rise. The bay is a shallow estuary approximately 1.2 km (4, 000 feet) W1de and =
" 3.4 km (11,000 feet) long with an average depth of 0.9 m (3 ft). Tidal exchange to Vmeyard

Sound occurs through two dredged channels and a breach caused by Hurricane Bob in 1991. The
action of winds, waves, and currents continually erodes and drsplaces the loose glacial sand and
gravel forming coastal sand dunes sea cliffs, barrier beaches, and salt marshes

The watershed's climate is maritime, with warmer winters and cooler summers than more mland

areas of New England, and annual precipitation between 107 and 112 cm (42 and 44 in). Fifty

percent of fresh water entering the Waquoit Bay estuary is from prec1p1tatlon-23 percent from -

direct precxprtatlon and 27 percent from groundwater recharge (Cambareri et al., 1992). Ground

water recharge is approximately 45 percent of the total precipitation. The: remalmng 50 percent of

. fresh water entering Waquoit Bay comes from the Quashnet and Childs Rivers.” The porous, sandy.
glacial soils promote rapid percolation of rain, nutrients, and contaminants into the subs011 and

‘ ground water Little surface runoff occurs :

:Cold south-ﬂowmg Gulf of Mame waters and warm 1 north- -flowing Gulf Stream waters mix off the
coast of Cape Cod to form a biological transition zone between the Virginian (temperate) and -
Acadian (boreal) brogeographlc provmces (Ayvaziam et al., 1992), producing more diverse biotic
communities and habitats than occur in either province. The combination of salt, estuarine, and
freshwater ‘systems within the watershed augment this d1ver51ty Critical resources in the Waquoit
Bay watershed include freshwater wetlands on-the pond shores; anadromous fish runs in the rivers;

" salt marshes, eelgrass beds, and barrier beaches in the estuary; and upland woodlands \% anLuven '
1991). The surface water ecosystems support a variety of food resources for aquatic, ‘terrestrial,

" and avian wildlife and mclude commercially and recreationally unportant finfish and shellfish.

S 212 Ecologlcal Effects

Water resources in the Wagquoit. Bay watershed are exhibiting srgns of water quahty degradatlon
'Wagquoit Bay is becoming eutrophic, as evidenced by excess algal growth that decreases light -
penetration. Light-dependent eelgrass beds have almost disappeared from the bay. Documented
declines in numbers of winter flounder, tauog, summer flounder, blue crabs, bay scallops, and
other eelgrass- dependent species parallel the loss of eelgrass. The bay scallop, an important
commercial and sport species, has virtually dlsappeared ‘When several consecutive cloudy days
"occur during summer months, mass deaths of aquatic organisms occur, presumably from respiring
algae that deplete dissolved oxygen. Increasing incidents of shellfish bed closure from bacterxal
~ contamination are also a source of concern in the estuary '

: Freshwater components of the watershed also are changed Stream flow alterations have resulted

. in a loss of reproductive habitat for traditional herring runs and migratory fish spawning areas.

Malformations and tumors in fish hvmg in the kettle ponds may be indicative of exposure to
. contaminants. Freshwatér ponds are showing increasing levels of algal growth, which i is 11ker to
alter the aquatic commumty Targeted changes of concern mclude ‘

> " Blooms of phytoplankton and macroalgae
> Loss of eelgrass habitat and associated specles in particular -bay scallops.
. Changes in species composmon and declining abundances of commerc1ally

important finfish and shellﬁsh
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> Mass mortalmes of ﬁshes and invertebrates in the upper bay and ponds
> Reduced water flows in herrmg runs and trout streams.
2.1.3 Sources and Stressors

Multiple sources of stress were identified in the watershed. For each of these sources, multiple
stressors could also be identified.- More than one source may produce the same complement of
stressor types, but the exposure pathway and specific characteristics of the stressors may vary. The
following highlights key sources and key stressor types with minimal discussion of exposure
pathways and characteristics. Refer to Appendix E and the section on. conceptual models (Sectlon
2.3) for more mformatxon ! . :

Sources. - The main sources of stress identified in the Waquoit Bay watershed include agriculture,
atmospheric deposition, residential development, industrial uses, and marine activities. Changing
land and water use patterns along the coastal and upland areas in the Waquoit Bay watershed are
largely responsible for increasing stressors. in the watershed (Appendix F). Some of these affect
local resources but occur outside the watershed, including armoring.of the coast, which shifts
sediment deposition along barrier beaches; offshore fishing, which depletes stocks of commercially .
valuable species; and wet and dry atmospheric deposition from motorized vehicles and industries.‘
Principal sources of stress in the watershed include the following: ‘ ’

> Cranberry cultivation which results i in the use of fertlhzers the application of
pesticides and herbicides, and the construction of flow control structures that alter
surface water flow.

> Atmospheric deposition from local and regional automobiles, lawn mowers, and
motor boats; on a larger spatial scale, nutrients (in the form of nitrogen oxides,
NOx’s) from industrial emissions, and toxic chemicals, including mercury, that
originate outside the watershed. ‘

e Residential development, which contributes nutrients to the system through
fertilizer use on lawns, golf courses, and gardens, and on-site septic systems;
housing and road construction, which results in habitat loss, sedimentation, and.
additional runoff of nutrients, contaminants, and sediments from construction sites,
and an increase in impervious surfaces; and private and  municipal well -
development, which alters ground water flow.

> Industrial discharges to groundwater from the Massachusetts Military Reservation ,
(MMR), a Superfund site on the upper western portion of Cape Cod that is ' L
contaminating ground water (a sole source aquifer for drinking water) with _
chlorinated solvents and fuel constituents; its sewage treatment facilities contribute
in phosphorus to ponds; and the MMR contributes increased runoff of nutrients,
sediments, and contaminants from impervious surfaces. ' :

> Marine activities including construction and operation of marinas; and recreational
boating and dock and pier construction which disturbs sediments, alters habitats, -
and contributes nutrients and contaminants; dredging and shoreline modification for
waterway maintenance, which disturbs sediments; shellfishing which disrupts
. eelgrass habitat, resuspends sediments, and adds harvest pressure; and recreational
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ﬁshmg in the estuanne rlver and pond env1ronments whlch also adds harvest
pressure ‘

Stressors. Seven principal stressors were identified-two chemical, three physical, and two
~ biological. Each stressor has more than one source contributing to stress in the watershed. Each
~ stressor was characterized on the basis of its type, its mode of action, and the. general ecological
~ effects.that might result from exposure to the stressor. In addition, information on the intensity,
- frequency, duration, and spatial scale were reviewed for each stressor where available. Prmcrpal
stressors include: :

> Nutrrents whlch are implicated as a maJor cause of nuisance macroalgal blooms
and eelgrass decline in the ‘bay (Table 3) and-increasing phytoplankton blooms in
ponds in part because of the porous, sandy soils in the watershed, which promote
rapid percolation of nutrients from land deposmon septic systems, and other mputs
into ground water. ~ i

> Chemicals that may be toxic to organisms in the bay, streams, and ponds, primarily
" . mobilized chlorinated solvents and fuel constituents from MMR contaminant
plumes, open storm dramage ditches, and nonpoint sources such as road runoff, -
migration of pesticides, on-site-septic disposal system leachate and atmosphenc
- deposition of mercury, lead, and organic contaminants- (llght fractlon polynuclear
aromatic hydrocarbons or PHAs)

L Suspended and resuspended sedunents that i increase turbrdlty and decrease hght

Co penetratron to eelgrass beds, ‘and can weigh down eelgrass blades both dlrectly and
by increasing eplphyte welght and, as a result of loss in eelgrass, a shift i in
deposmon »

> Physical alteration of estuarine habitat including increased sediment disturbance,
* . ‘bottom disruption, and shading from dock construction; mechanical disruption from
- clam digging, boat propellers, and moorings, -and habrtat fragmentatlon that results
" from these actxvmes ‘ :
L Altered flow or hydrologlc modlﬁCatlon where the ﬂow volume, velocity, and path
- of rivers results in loss of spawning habitat for anadromous fishes

» - Finfish harvest pressure, which dlrectly affects ﬁsh mortallty in offshore specles . .o

~ from commercial fishmg actlvmes, -and recreatlonal ﬁsh in freshwater rlvers and
ponds. - :
2 2 Eelgrass wastmg disease caused by the slime mold (Labyrmthula), wh1ch can act

synerg1st1cally with stress on eelgrass from reduced hght condltlons
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Table 3. Nitrogen loading to water table, chlorophyll concentratlons, ‘and mean (+ standard devxatlon)
biomass of macrophytes in three selected subestuaries of Waquoxt Bay (Adapted from Vallela etal.
1992).

22  Assessment Endpoint Selection

The Team’s selection of assessment endpoints was based on societal values expressed in the

: Chlorophyll | = .+ - .
N loading to water table | concentrations at-mouth{. .. Total macroalgal . Eelgrass biomass
Subwatershed . (ke N yr'h) mgm3 biomass g m-*) - | - (gm?)
Childs River 14209 T 2554+76  335%£39.8 -0
. Quashnet River 14534 ' 59+ 1.7 150 + 14.3 “ 0
Sage LotPond 3315  39+12 9 + 12.1 L 07126

management goal and objectives, as well as an evaluation of available information to ensure that the -

endpoints were ecologically relevant in the watershed and were susceptible to the identified
stressors. The assessment endpoints-are measurable attributes-of valued resources that include both -
an entity (e.g., eelgrass) and a measurable attribute (e.g. areal extent). They provide direction for .
the assessment and are the basis for the development of questions, predictions, models, and
analyses The Team’s identification of an asséssment endpoint does not imply that data currently
exist in Waquoit Bay to quantify attribute changes. Assessment endpomts are only required to-
support the ability to collect data for quantification.

2.2.1 The Assessment Endpolnts

Eight assessment endpoints were selected to represent estuarine and freshwater components of the
ecosystem and ecological and human health concerns. In some cases overlap among assessment .
endpoints was recognized and endpoints were combined or eliminated later in the process. The
assessment endpoints selected for the Waquoit Bay watershed ecological risk assessment include:

> Estual*ine eelgrass habitat abuhdﬁpce and distribution

> Residellt and ju\'/enile nufsery estuarine finfigh 'spécieé diversity and aburldarlcé
> Clam and other bénthic invertebgaté diveréity, abu_lldance, and_distribulion

> Migratory brook trout and alewife herring r'eproductioxi

> Freshwater stream benthic invertebrate diver‘sityv and abundanée

4 Freshwater pond trophic status |

> Water-dependent wildlife species f;eedirlg and peétiné habit;lt

s > Bacterial and contaminant content of fish ard shellfish
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2.2.2 Endpoint‘ Description and Rationalev
Assessment endpomts were selected based on three criteria: how wéll they represent the
management goal (societal value), how well they represent ecological integrity in the ecosystem
(ecologlcal relevance), and how likely they are to be exposed to and adversely affected by known
stressors (susceptibility). To judge societal value, each endpoint was evaluated relative to the 10
- management objectives identified during planning (Table 1, Section 1. 1.2). Table 4 shows which
management objectives each endpoint addresses.’ Ecological relevance and susceptibility were both
evaluated based on available information on ecosystem structure and function and known and
- ptedicted stressors. In the descriptions below. on the assessment endpoints, the ratlonale for
selectlon based on these three selection criteria is prov1ded “ .

)

“Table 4. Relatlonshlp of assessment endpomts to management obJectlves. )

; ;lfManagement Objectxve Number
Assessment Endpoint 4
Estuarine eelgrass habnat abundance and X i X X' T X - | x
dlstnbutlon : ' o
Estuarine Finfish Species diversity and X |.x | x X ' 1T X -
abundance v ’
Benthic lnvertebrate diversity, , X X X X X 1 1. X
abundance and distribution . : .
Freshwater Migratory fish reproduction |- X I X ' . S B D ¢
Stream benthic invertebrate diversity | X x |- 1 X x |
and abundance ) ’ : :
‘Freshwate; pond trophic status . , 1. ‘ I 1 - X
. || Water-dependent wildlife species : x| 1 . _ 1ol x
feeding & nesting habitat . - . Sy v
Bacterlal & comammant content of ﬁsh X |- - B X .
and shellﬁsh L

7

Considerable overlap and mterdependence among objectives and potentlal endpomts are
recognized. For example, objective 5 (reestablishment of scallops) would require achieving
objective 1 (elimination of hypoxia), objective 2 (prevent toxicity) to prevent scallop death;
objective 4 (re-establlshment of eelgrass), and objective 7 (eliminate macroalgae) to prov1de
suitable habitat. Objective 4 (juvenile scallop habitat) would require achieving objective 7
(eliminate macroalgae) because local hypoxia (objective 1) is caused by decaying algae, at the
-bottom of the mats, and macroalgae shade and replace eelgrass This type of evaluation was used
to identify multiple sources of stress and the variety of possible pathways for loss of an ecological
value, The objective is to identify the complement of necessary and sufficient condmons for .
ach1ev1ng management goals p
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Each assessment endpoint is described below to highlight its characterlstlcs as they relate to
ecological relevance, susceptibility to kKnown stressors, and societal value, ‘with specific reference
to the management objectives.

Estuarine eelgrass habitat abundance and distribution. Eelgrass (Zostera marina) is a rooted
vascular plant that grows subtidally on mud to gravel bottoms in zones of fast-moving or quiet
waters where salinity ranges between: 20 and 32 parts per thousand. Eelgrass roots and rhizomes .
decrease erosion and increase sedimentation. Eelgrass blades promote deposition by interrupting
water flow, and trapping suspended sediments and particulate organic matter thereby adding to the
available food within the meadow (Short, 1984, 1989).

Eelgrass habitat abundance and distribution was selected as an assessment endpoint, because

eelgrass beds provide prime living, feeding, and nursery habitat for a large and significant aquatic
community including juvenile scallops, invertebrates, and forage fish that sustain larger fish species
(Heck, 1989; Thayer et al., 1989; management objectives 3 and 4). Eelgrass is highly suscept1ble
to water quality conditions and requires clear waters with ample light penetration for

photosynthesis. Shading by algae and suspended sediments directly impacts eelgrass growth
Excesswe growth of macroalgal mats has displaced eelgrass in Waquoxt Bay (objectwe D.

Abundance and distribution were selected as measurable attnbutes of eelgrass to represent estuarine
condition. Existence of eelgrass is one of the best indicators of estuarine quality, and the presence
of a diverse aquatic community (e.g., greater species diversity and abundance was found in
eelgrass beds compared to adjacent unyegetated areas in Waquoit Bay and Nauset Marsh on Cape
Cod (Valiela et al., 1992; Heck et al., 1989)). Measures of quality and density were not chosen
for eelgrass attrtbutes because of the greater difficulty in obtaining information on plant species
composition, shoot density, and blade stature. Although these variables influence physical
structure, food availability, and physical suitability of these areas for fish, in the absence of
toxicity, the presence of eelgrass beds is the best indicator of the presence of a diverse estuarine

o quanc community. Both eelgrass and several eelgrass dependent and- commercially unportant

species have declined precipitously since the 1950s.

Resident and Juvemle estuarine finfish spectes dtverszty and abundance. The estuarine finfish
community contains resident and transient, and demersal and pelagic species. Fifty-two species
have been collected in Waquoit Bay. Of these, mumimichug, striped killifish, tidewater silverside,
fourspine stickleback, and rainwater killifish constitute 35 percent of the total taxa, and dominate
the abundance (46 percent) and biomass (41 percent) of the overall finfish community (Ayvazian et
al., 1992). Part-time residents represent a composite’of estuarine spawners (e.g., winter flounder .
and tautog); marine species that are estuarine visitors (e.g., sand lance, summer flounder, and
American pollack); nursery species or young-of-the-year (e.g., winter flounder juveniles, mullets,
_]uvemle tautogs, menhaden, Atlantic silversides, bluefish, and bay anchovy); and adventitious
species that have a more southern distribution but lack an apparent estuarine dependence (e g,
ladyfish, halfbeak, and crevalle jack). ’

Resident and nursery finfish were selected for the assessment’ endpomt because of their unportance
to commercial and recreational values, their significance to the aquatic community, and their
suscepttbthty to localized impacts on habitat quality. Finfish are susceptible to hypoxic and anox1c '
conditions (e.g., summer anoxia or hypoxia may impact winter flounder juveniles and
mummichugs, objective 1) and toxic contaminants (objective 2). The loss of eelgrass habitat
encompasses a decrease in coverage, a decrease in density of stems, the displacement of eelgrass

by macroalgae, or the conversion of eelgrass meadow to open bottom with sand or mud sediments.
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Macroalgal mats are less suitable than eelgrass as a refuge for finfish, and the bottom of the -
macroalgal mat may be hypoxic (objectives 4 and 7). Diversity and abundance of resident and -
‘nursery finfish were selected as attributes because these measures represent the existence of
- conditions that support survival,” reproduction, and recruitment (objective 3), and some data are.
_ also available. Feeding, hiding, reproductlon and recruitment would be lmportant attributes to
. measure in future studies. :
Commercially harvested marine and estuarine adults are not included. They are suscepuble to
" offshore. as well as inshore stressors and therefore reflect more regional impacts resulting from
‘harvest pressure, coastal eutrophlcatlon and long-term-climate change. These groups:.were not,

selected as part of the assessment endpoint because nursery species and year-round resident fmﬁsh

are better indicators of localized impacts on habitat quality. If resident and nursery species are
protected it is assumed that marme species will also be protected from. habltat degradation. -

-Clams and other benthzc invertebrate dzversuy, abundance, and dzstnbutzon Clams and other
" benthic invertebrates in Waquoit Bay provide major food sources for residént and transient ﬁnﬁsh
and water-dependent wildlife. Hardshell and softshell clams currently support an important.
recreational and commercial fishery. Scallops are no longer harvestable. The benthic community
can be adversely affected by loss of eelgrass, toxic and hypoxic conditions and macroalgal mats

- (objectives 1, 2, 4, 5 and 7). Shellfish and other benthos are also sensitive to the degree of .

sedimentation in breeding areas, the presence of critical habitats such as eelgrass beds and wetlands
(objective 4) and the extent of recreational and commercial harvesting mortality, including catch

and by-catch (objective 5). The presence of eelgrass beds and sufficient water quality are thought to

- be the critical elements for supporting the appropriate habitat to maintain and promote a diverse

. and abundant estuarine benthic faunal community. o

. Scallops are principally found in eelgrass beds and hardshell and softshell clams inhabit sandy open
areas. Since these species are found in different bottom habitats, their abundance and distribution
are a good reflection of ecosystem function. Although scallops are specxﬁed in management .
objective 4, they were not explicitly selected as an assessment endpoint because their numbers
fluctuate widely in nature, and the absence of scallops cannot be interpreted to mean that the kriown
-environmental requirements for scallops are not being met. Since epifaunal invertebrates settle on -
eelgrass blades and some infaunal invertebrates occur in greater abundance ‘within eelgrass beds,
the eelgrass-associated benthic community is being iised fo represent the ecological requirements
for scallops which settle on the blades durmg the1r Juvemle phase before settlmg as adults on the
surface of the sediments.

Migratory brook trout and alewife herring reproductwn Migratory fish, mcludmg anadromous _
brook trout and alewife herring, use the Waquoit Bay watershed as breeding grounds. Migratory
© fish provide for-a highly valued recreational ﬁshery that has been in decline. The Quashnet River
was a prized trout stream, with anadromous or "sea run” brook trout or "salters” in the 1800s. By
1950, industrial and then agricultural demands had destroyed their breeding habitat. It has taken
years of effort by Trout Unlimited and the Massachusetts Division of Fisheries' and Wildlife to
- reestablish breeding habitat in about 1.5 miles of the river. The trout species that rely on this river
“for spawring are susceptible to water quahty changes They depend-.on swiftly flowing, cold
waters that are high in dissolved oxygen. Alewife herring, which travel to John's Pond to spawn,
rely on sufficient water depth to traverse the bogs near the pond.. Drops in the water table or
reduced flow can prevent access to spawning areas. The Quashnet River and the ground water that
feeds it mxght be tapped for drinking water, possible leading to changes in water quantlty while
" urban development could lead to further water quahty problems. : ,
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Trout and alewife are sensitive representatives for other migratory finfish.. Protecting the aBiliiy of
migratory finfish to reach freshwater rivers and ponds and find habitat and' water quality ‘
appropriate for spawning and egg survival meets the management goals for streams and ponds
(objectives 2 and 9). Reproduction of migratory fish was selected as the attribute because the key
function that the freshwater portions of the watershed provide to migratory fish is reproductive -
habitat. This attribute is particularly susceptible to the types of stressors likely to impact migratory -
fish in this watershed. . o L ’ ,

Freshwater stream benthic invertebrate diversity and abundance. Stream benthic invertebrates
serve as a needed food source for migratory and resident fish. Like migratory fish, benthic )
invertebrates need swiftly flowing, highly oxygenated, high-quality water for their habitat. Benthic -
invertebrates are excellent indicators of water and sediment quality because they spend most of

their life cycle in the stream (often in restricted locations or habitats) and are partichlarly

susceptible to toxics (objective 2), eutrophication effects (objective 8), and sedimentation. Societal
value is based on the value of native species (objective 9) and the support the benthic aquatic
community provides for fish species (objective 3). ‘ ' :

Freshwater pond trophic status. Changes in the tropic status of kettle ponds serve as an indicator
of water quality and directly affect ecosystem function (objectives 2 and 8). The susceptibility of

ponds to increasing nutrient loads makes this assessment endpoint the best indicator of pond shifts

from oligoatrophic to eutrophic status and also addresses community interest in recreational use of
the ponds for swimming, fishing, and aesthetic enjoyment.

Water-dependent wildlife species feeding and nesting habitat. Many avian species, including the =
piping plover, least tern, and roseate tern, nest or forage along the barrier beaches of Waquoit Bay. .
Other important wetlands in the Waquoit Bay watershed include the salt marshes surrounding the
bay and its tributaries, the coastal ponds, and the shorelines of Ashumet and Johns Ponds.
Waterfowl] are the most societally important wildlife solely dependent on wetlands for breeding,
feeding, and migratory needs. ‘Within the ponds, a high diversity of phytoplankton and abundant
invertebrates provide food for finfish which, in turn, are prey for osprey.” Several avian species

that use the ponds are of special concern or threatened, including the marsh hawk and grasshopper
sparrow. These species have high societal value. They are susceptible to toxic pollutants :
originating from MMR, cranberry bogs, and urban development (objective 2). They are also
susceptible to habitat loss, both from direct destruction of habitats, and toxicological and ‘
hydrological changes that may influence habitat type, quality, and quantity. Significant numbers of

" bird and mammal species use wetlands and freshwater resources around the ponds and rivers for
feeding and nesting. Maintenance of supporting wetland habitats was considered appropriate for
meeting management objective 10. ' ’ ' ‘

Bacterial and contaminant content of fish and shellfish.- The aquatic commmﬁty of fish and
shellfish provides significant recreational and commercial benefits to humans and other organisms
in the watershed. Increasing incidents of shellfish bed closures to harvesting because of high
bacteria counts are of considerable concern to commercial and recreational interests inthe .
watershed (objective 6). Increasing evidence of malformations in resident freshwater fish in ponds '
now being contaminated by ground water plumes flowing from the MMR Superfund site are cause .
for concern, although studies are preliminary and no evidence of chemical contaminants as the
caude has been demonstrated (objective 2). Contamination is expected to increase and might be a
problem now. ~ ) -
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' 2 2. 3 Overlap of Assessment Endpomts and Thelr Apphcatlon to the Risk Assessment

These assessment endpoints are used to represent ecolog1cal values-in the watershed that support
management goals. During their selection considerable discussion occurred to determme whether
this set of endpoints was sufficient, redundant, or excessive. Several endpoints may be considered
redundant but were not eliminated before conceptual model development because of possible
insights their use could provide during hypothesis_generation and model construction. The team
recogmzed some redundancy but felt that the set best covered the d1ver51ty of ecologlcal values and
stressors impacting the watershed. ' "

Selectlon of which assessment endpomts to follow through to analysxs occurred during the
development of the conceptual models and in the planning of analyses. In some cases only limited -
data or information is available on an assessment endpoint so for the purposes of this risk

. assessment, that assessment endpomt can only serve as a focal point for conceptual model
'development However, for planning future research the assessment endpoint serves a sxgmﬁcant
function in deﬁmng what research needs to be done in the watershed

2.3 Conceptual Model Development

The conceptual models developed for the Wagquoit Bay watershed represent a series of rxsk o
hypotheses about the relationships between particular stressors and ecological effects expected to be
observed in each assessment endpoint., Models were developed at several levels of complexity and -
were done interactively. The general watershed conceptual model (Figure 2) is a broad ‘
representation of relationships among human activities in the watershed (sources), the stressors . -
believed to occur as a result of those sources, and ecological effects likely to occur in' each of the
assessment endpomts Shown within the conceptual model are possible measures to evaluate
- response. Second-level models focus on particular assessment endpomts and show multlple :
stressors, potentlal exposure pathways and expected ecologlcal responses : ’

2.3.1 Watershed Conceptual Model

" The watershed—level conceptual model dlagram illustrates connectlons among sources of stressors,
stressors, effects, and assessment endpoints in the Wagquoit Bay watershed. The diagram is e S
orgamzed around system stressors. Each stressor has a coded line type that illustrates a pathway '
connecting its sources to effects.and endpoints. Each of the components of the model is -
.represented by a different figure to aid interpretation (see key). This is a broad-based model that
provides a framework for the risk assessment and an overview of ecosystem processes. The B
diagram shows only stressors and effects thought to occur in the Waquoit Bay ‘watershed. It does
not show the relative importance or magnitude of the stressors or effects. More detailed conceptual
models were developed to evaluate multiple stressor effects and exposure pathways for specific
assessment endpoints. These were generated asa result of detalled risk hypothesis development
(see Section 2.3.2). —

Key to Models:

Figure S Component ' Figure = . ' Component

Rectangle Source of Stressor ° - | Ellipse . o ‘. Stressor

Doubleé-line diamond Primary ecologlcal effect Diamond - « ; . Secondary ecological effect:
Parallelogram' Measurement Octagon : Assessment endpoint
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Figure 2. Wagquoit ~Bay watershed conceptuhl model (continued).
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Shown at the top of the model are five major human activities (agriculture, atmospheric deposition,
residential development, industry, and iarine activities). Within each of these major activities are .
one or more specific activities that serve as sources of stress in the watershed. For example,
residential development results in housing and road construction, installation of septic systems,
installation and maintenance of lawns and gardens, and construction of wells.

For each activity or source identified there are potentially one or more stressors that might exist in
the watershed system. For example nutrients serve as one major system stressor in Waquoit.
However, sources of nutrients in this system are many and include fertilizer apphcatxon
automobiles, lawn and garden maintenance, septic systems, impervious surfaces, and sewage
treatment plants. The next level in the diagram shows predxcted and observed ecological effects
believed to result from exposure of the ecosystem to stressors. Represented here are several
cascading effects. For example, nutrients can lead to algal growth, which contributes to increased
chlorophyll in ponds and siltation, shading, and low dissolved oxygen in estuaries. These
responses can lead to loss of eelgrass, suffocation of aquatic communities, habitat loss, and
eutrophication thh increased productlon of orgamc matter. - «

The potential adverse effects of one stressor can_to affect one or many assessment endpoints.
Nutrients, nitrogen or phosphorus can be traced to six assessment endpoints including freshwater
benthic invertebrates, trophic status of ponds, pond fish community, eelgrass habitat, and estuarine
benthic and finfish communities. In some cases indirect effects might not be represented here, but
would be shown in the specific pathway conceptual models for a single assessment endpoint-or a
single stressor (e.g., although water-dependent wildlife are not connected to the nutrient matrix,
nutrients affect the fish and invertebrate communities on which wildlife feed). Assessment
endpoints for which appropriate data could prove difficult to obtain are identified later in the
process but are represented in the conceptual model. -

The watershed-level conceptual model diagram features seven stressors:

Toxic chemicals. Sources of toxic chemicals are agricultural pesticides, atmospheric deposition
(metals and organics from automotive and industrial emissions), suburban lawn and garden
chemicals, point sources (solvents and aviation/jet fuel derivatives in the MMR plumes),
impervious surfaces (metals and hydrocarbons in road and roof runoff), and docks and marinas
(metals and hydrocarbons from antifouling substances and boat motors). The toxic chemicals may
affect aquatic animal life: migratory fish, pond fish, freshwater benthic mvertebrates estuarine
benthic invertebrates, and estuanne fish.

Altered ﬂow. Stream ﬂow might be altered by flow control structures bullt for cranberry bogs, by
groundwater depletion from well pumping, and by runoff from impervious surfaces.  Altered flow
can change the timing and magnitude of floods and low flow, as well as the amount of fish and
invertebrate habitat available in streams, and riparian wetland area. Migratory fish, stream benthic
invertebrates, and wetland-dependernt wildlife that depend on these habitats mxght be adversely
affected. :

Resuspended sediments. Several watershed activities might contribute suspended sedlment to the
estuary or resuspend sediment in the bay. Activities that might contribute sediment include
construction (all) and impervious surfaces (particulates in unperv1ous runoff); activities that may
resuspend sediment in the bay include construction of docks, boatmg dredging, and. shellﬁshmg
Suspended sediment might contrlbute to siltation and shading of eelgrass.
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" Nutrients. - Sources of nutrients inciude agficultural and suburban fertilizers, atmospheric |
deposition of nitrogen oxides, domestic septic systems, and wastewater 'treatment facilities:” The
primary effect of nutrient loading is growth of algae, principally phytoplankton in the ponds and
macroalgae and perxphyton in the estuary.  Increased algal production increases the trophic state of
. the ponds and can contrlbute to hypoxia in both ponds and the estuary, with ultlmate effects on -

" invertebrates and fish. In the estuary, algal growth contributes to shading of eelgrass by.
macroalgae and periphyton, and eventual replacement of the eelgrass by algae. Loss of eelgrass
may in turn cause cascading effects on estuarine invertebrate-and fish communities. A more
detailed conceptual model of eelgrass loss is shown in Figure 3 and a detalled conceptual model of
" the finfish community changes is shown in Figure 4. -

Habztat alteration. Several activities in the watershed result in alteranon of aquatic habitats.

_ Construction activities might cause temporary or permanent habitat changes if the construction is in

* or near an aquatic habitat. Docks and piers are a permanent alteration of the aquatic habitat. -

Boating, dredging, and shellfishing might directly disturb eelgrass habitat and injure plants. Beachf :
protection (jetties and groins) changes sediment transport and beach dynamics, potentially aitering
the barrier beach habitat. - These.alterations to streams, wetlands, barrier beaches, salt marshes and

' .eelgrass beds mxght adversely affect the orgamsms in those habitats. ~

Disease. Eelgrass wastmg disease (Labyrinthula) is the only stressor in the conceptual model with
no known anthropogenic source. . It has a direct effect on eelgrass cover and hence has indirect
effects on estuarme mvertebrates and fish. -

" Harvest pressure. Harvest pressure mcludes fishing for freshwater fish estuanne ﬁsh anadromous
fish, and shellﬁsh and affects only those groups.

For the purpose of focusmg on specific parts of this watershed Flgure 5 shows these pathways for

the stream component, Figure 6 shows pathways for the pond component, and Fxgure 7 shows

. pathways for the estuarine component. Each of these pathways was created based on assumptions, -

or risk hypotheses, about how stressors are affecting or are expected to affect targeted assessment - -
endpoints. They were derived from available information on the watershed gathered early in the
problem formulation process and on a continuing basis, from ecological theory on how systems
function, and from relatlonshlps established in other watersheds that are expected to be consistent
‘from one geographic area to another wheére s1m11ar systems exist. .
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Figure 3. Eelgrass conceptual submodel.
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Figure 3. Eelgrass conceptual submodel (continued).
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2.3.2 Risk Hypothesis Development

The watershed conceptual model illustrates that each stressor might affect several endpoints and
each endpoint might be influenced by several stressors. Since assessment endpoints provide the
focus for this risk assessment and the intent of the assessment is to assess the risk of multiple
stressors on a particular assessment endpoint, the following discussion on risk hypotheses is divided -
by endpoint. This approach provides the foundation for evaluating the cumulative and combined -
risk of more than one stressor. To understand how assessment endpoints are being affected by
these stressors, however, it will be necessary to evaluate alternative exposure pathways of a
stressor from different sources. Stressor pathways are evaluated through additional conceptual
models. » ' : .

The following risk hypotheses for eelgrass habitat abundance and dlstnbutlon and finfish d1vers1ty
and abundance are expressed as narratives about how assessment endpomts might become exposed
and respond to one or more Stressors. Background mformatlon that supports these hypotheses is
available in Appendix E. :

Development of conceptual models and risk hypotheses for the remaining six assessment endpoints
is ongoing, but they are not ready for presentation at this time. The models developed for eelgrass
and finfish provide a basis for determining how best to present mformatmn and develop the process.
The conceptual models represent considerable information, but i in many cases data are not available
at this time to conduct an evaluation of posed hypotheses and predictions for these two endpoints.
They are presented to allow managers and scientists in the watershed to consider potential research
that will provide the basis for pursuing a more complete risk assessment. Further analyses of
available data will allow the Team to refine hypotheses for the these and the other endpoints.

Eelgrass Habitat Abundance and Distribution: Risk Hypotheses and Conceptual Models.

The conceptual models and risk hypotheses for the eelgrass habitat abundance and distribution
assessment endpoint include sources and stressors, cascading ecological effects, and response
pathways. Eelgrass habitat is the common assessment endpoint for each of the source-to-response
pathways represented in the model. Common measures (eelgrass habitat cover and extent) apply to °
each pathway. These measures are depicted outside the direct source-to-assessment’ endpoint -
pathways because they represent the result of ecological response rather than a direct measure of

the response or attributes of the response pathways

The following discussion is separated into two parts. The first provides predictive hypotheses about
the effects of primary stressors depicted in the watershed conceptual model (Figure 2). These 3
hypotheses and predictions are then followed by a descriptive conceptual mode] and hypotheses on -
the multiple pathways for loss of eelgrass from the variety of sources of these stressors and source-
to-response pathways. Each of these pathways is illustrated in the eelgrass habltat conceptual
submodel (Figure 3).

Stressor Hypotheses ‘ - ' D | -

The watershed conceptual model (Figure 2) contains ﬁve primary stressors for eelgrass nutnents
sediments, physical alteration of habitat, toxics, and disease. Based on conclusions drawn from
available information, multiple stressor effects have caused eelgrass to.decline over the last 40
years. Each stressor has multiple sources. Reduction of one Stressor Or source is not llkely to be
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» v :
sufﬁcxent for reestabhshmg eelgrass in the bay, although nutrient” reductxon is a necessary
prereqursrte .

Nutrients. Increased nitrogen loading in estuarine waters causes shading from excess growth of , ,

" macroalgae, phytoplankton, and epiphytes. Historical and steady state inputs of nitrogen to ground =~~~
water will continue to influence algal growth for up to 100 years. Additional development in the '

. watershed will add to this nitrogen loading. . Light attenuation in shallow estuaries might not be
‘great enough to eliminate eelgrass altogether, but continuing inputs of nitrogen from current:

* activities will prevent eelgrass recovery.  Sub-bays with the greatest nutrient loads will have more '
macroalgae and less eelgrass. Those sub-bays with less nutrxent loadmg will have less macroalgae :

and more eelgrass »

Suspended Sedzments Shadmg from resuspended sediments caused by physxcal dlsruptlon of
bottom sedlments results in- decreased growth and the death of eelgrass plants '

'Physzcal Alteration of Habitat. Avaxlable habitat for eelgrass has changed and will continue to .
change because of (1) loss of appropriate habitat from dock construction; (2) mechanical disruption
from clam digging, boat props, and moorings, which cut eelgrass blades or uproot and kill eelgrass
plants; and (3) subdivision of the meadow as a result of eelgrass death caused by mechanical”

' dlsruptxon disrupting commumty integrity and altermg meadow composrtlon

: Toxzcs Toxrcs cause phys1olog1cal stress on eelgrass plants leadmg to slow growth This could
exacerbate effects from other stressors. - ; , A .

" Disease. Slime mold acts synergistically w1th reduced light to decrease eelgrass growth and water
© currents transport mfected eeIgrass blades, broken by physrcal dlsruptlon, to new areas.

:Predxctlons. Lo , ' : S : v T '
L “The replacement of eelgrass beds with fast-growlng macroalgae will continue
" unless the amount of nitrogen entering the bay is reduced. Reestablrshment of

eelgrass will requrre reductlon of nutrients. ’

> Reestabhshment of eelgrass from reduced nutrient loadmg wrll occur only over a
" long time period-to account for the time travel of nutrrent laden ground water to the

Bay : » Lo : : o .

> : Reductlon of mtrogen isa necessary but not sufﬁcrent requxrement for eelgrass re-

‘establishment. . Habitat alteration from physical disruption will need to be reduced
or confmed to specrﬁc areas to allow reestabllshment,

> The co-occurrence of wastmg disease; toxics, and reduced water clar1ty mxght
result in the complete elimination of eelgrass from the Waquoit Bay system. -
Complete elimination means that replanting might be the only means of
reestabhshmg eelgrass meadows. .

X‘Conceptual Model o | . ' ' _ o - . 3

The prlmary stressors have multiple sources. The opportumty to reduce these sources of stressors
are of primary management concern. The hypotheses below descrrbe the eelgrass specxﬁc -
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conceptual model to illustrate the multiple ways eelgrass can be lost from this system and to
provide insights on where management action is most feasible. This dlscussmn provides the basxs
for the conceptual model dlagram shown in Figure 3. o

Disease. The marine slime mold, Labyrinthula, causes “wasting disease.” It is opportunitistic and
likely to cause infection in stressed populations in more saline waters. The infection of eelgrass
located in higher-salinity areas of Waquoit Bay leads directly to loss of eelgrass by death of infected °
individuals. Exposure pathways for the disease are not known; however, salinity influences
infection such that eelgrass in areas of lower sahmty is less llkely to be infected. These areas are
important for reestablishment.

Nutrients. Nitrogen is the primary nutriént of concern in the estuary. Nitrogen potentially enters
the bay through multiple pathways including ground water discharge, air deposition, point source
discharges, and impervious surface run-off. Exposure pathway analysis by Valiela et al. (1992)
suggests that the principal pathway is via groundwater from septic system inputs (Appendix E,
Figure E-6). The resulting increase in surface water and sediment nitrogen concentrations leads to
increased growth of epiphytes, macroalgae, and rmcroalgae Epiphyte growth on eelgrass leaves
decrease light availability by shading and i increases leaf effective surface area, causing possible
weighting and burial of eelgrass from increased siltation on leaves. Increased growth of macroalgal
mats leads to direct shading of eelgrass and decreased light penetration. Phytoplankton growth
increases wateér turbidity, decreasing light penetration to eelgrass. - Algal growth also contributes to
increased organic sediment, which might be resuspended by physxcal disruption (below) and
contains a reserve of nutrients.

Construction and Recreational Activities. Boat propellers impinging on bottom sediments;
dredging; construction of docks, piers and marinas; clam raking; mooring; and erosion in the
watershed cause increased suspended sediments or resuspension of bottom sediments.

Hydrogtaphic conditions (e.g., wave amplitude, frequency, and direction; current velocity) act as
forcing functions that can increase water turbidity. Turbidity increases shading and decreases light
penetration. This leads to reduced eelgrass photosynthesis, growth decline, and death of eelgrass.

It also causes siltation onto eelgrass leaves compounding the effect of epiphyte growth dlscussed in
the previous pathway.

Docks and Piers. Docks dlrectly block light and reduce avaxlable habitat for eelgrass leadmg to
reduced eelgrass photosynthesis and loss of shaded eelgrass. Docks and piers also provide the basis
for increased boat traffic, which leads to disturbance of sediments and increased ‘turbidity in areas
around the docks and piers. Great River, a tributary in the Waquoit Bay watershed, will show a
loss of eelgrass in correlation with mcreased dock building. ‘

Lawn Care, Agricultural, and Industrial Activities. Care of residential and commercial property
lawns, agricultural activities (e.g., cranberry bogs), and industrial activities (e.g., MMR) in the
watershed are a source of a variety of toxic chemicals. These may cause physiological stress in
eelgrass, leading to reduced growth and death of eelgrass plants. Exposure pathways and effects
from these sources of potentxal stress are little known.

Boat Propellers, Clam Rakes, Moorings. Boat propellers, clam rakes, and moorings directly
disrupt bottom sediments, causing physical alteration of habitat and mechanical destruction of
eelgrass blades, resulting in death or stress to the plant. Repeated activities without sufficient
recovery time will result in decline in eelgrass beds because of direct loss. of plants, and from the
creanon of small patches, increasing vulnerability to other stressors (e.g., storm events) Boatmg

36 : Waquoit Bay Watershed Ecological Risk Assessment




" activities that churn up bottom sediments will increase thé amount of suspended sediments, * -

. ,tncreasmg turbidity and decreasmg light penetration to eelgrass beds. Epiphytes growing on
eelgrass blades provrde good depositional surfaces for-suspended solids and can weigh down the -
. eelgrass blades causing them to sink to the bottom where they die from msufﬁcrent hght or
suffocation (Short 1989) : : ¥

Resrdent Estuarme Fmﬁsh Dzvers:ty and Abundance Risk Hypotheses and Conceptual Model

The conceptual models and risk hypotheses for the resident finfish d1vers1ty and abundance

.assessment endpoint include sources and stressors, cascading ecological effects, and response

pathways. Resident finfish is the common assessment endpoint for each of the source-to-response

pathways represented in the model. Common measures (diversity and abundance) apply to each

" pathway. These measures are depicted outside the direct source-to-assessment endpoint pathways
because they represent the result of ecological response rather than a dtrect measure of the response oo

or attrtbutes of the response pathways ' , A : ‘

‘The followmg discussion descrrbes the prmcxpal stressors represented in the watershed conceptual
~ model (Figure 2) and specific predictions to consider. This is followed by the presentation of ‘the
‘ ﬁnﬁsh conceptual model and descrtptlve hypotheses about relatronshrps deprcted in the model.

Stressor Hypothesw o

, Multxple stressor effects are resulting in lowered reproductlve success of adult resrdent finfish, as
well as lower survival of eggs and juvenile finfish. Each stressor has multiple sources.
Determining the relative contnbutlon of these stressors will be unportant for settmg management

_priorities. : :

Nutnents Increased mtrogen loads alter ﬁnﬁsh diversity and abundance through excessive
macroalgal growth, which results in (1) loss of eelgrass habitat for breeding, feeding, and hiding

and (2) hypoxrc and anox1c condmons that result in physmlogrcal stress, exposure to predatron and
suffocation.

.. Suspended Sediments. Increased sediment in the water column alters finfish breeding, feeding,
and hiding habitat by (1) reducing growth of eelgrass, (2) covering available habltat 3 smothertng ,
eggs and Juvemles and 4) reducmg feeding success of visual predators :

Physzcal Alteratwn of Habltat Development of land ad_;acent to pnme fmﬁsh nursery habrtats

causes a direct loss of available nursery areas and contributes to sediment and nutrient loading in -
the vicinity of nursery areas. Direct physical alteration of nursery areas from dredging, boat prop -

disturbance, and changes in flow patterns from inlet changes and armonng of coasts alters quahty

Or removes habrtat from potentlal use. - :

Toxic Chemicals. Multlple sources of toxic chemlcals from pestlcxde apphcatlon air pollutron
lawn maintenance, point source discharges, nonpoint runoff and chemicals used on docks and boats
combine to alter survival and reproduction of juvenile finfish. Stress from hypoxrc and anoxrc -

~ conditions exacerbates the effects of tox1crty :

Harvest Pressure. Recreatronal ﬁshmg removes reproductive adults from the population of res1dent
finfish. Although offshore fishing alters the available adult stock. returmng to Waquoit Bay, this
reflects reglonal unpacts and no hypotheses are pursued for this portion of the finfish commumty

Y
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Predictions:

> Loss of eelgrass habitat (from multiple stressors) will favor species associated with
open-water, nonvegetated habitats such as Atlantic silverside, adult summer
flounder, and winter flounder as well as rock crabs and green crabs, over those
species associated with vegetated habitats such as tidewater silverside, juvenile
summer flounder, grass shrimp, rainwater killifish, juvenile tautog, fourspine
sttckleback and striped kﬂllﬁsh

> Loss of eelgrass habitat and pro;ected changes in the functional aspects of the
finfish community will result in (1) increase in omnivores; (2) decline in top
carnivores; (3); shift from benthic to pelagic habitats; (4) decline in total number of
species, estuarine spawner species and estuarine resident species; (5) increase in. ‘
disease incidence and morphological abnormalities; (6) decrease in eelgrass habitat
quality ‘prior to physical habitat loss; (7) increase in dominance of eutrophic ‘
tolerant species where dominance represents the number of species accounting for
90 percent of the total numbers or biomass; and (8) higher fish density and biomass -
(abundance) in medlum-quahty compared to low-quality habltats (Deegan et al.,
1993). :

> Increasing contaminant inputs from recreational activities. and future toxxcxty from
contaminated ground water plumes from MMR will increase abundance of tolerant
species and increase incidence of finfish malformations and disease.

d Anoxia and hypoxia will slow the growth, maturation, and reproduction of sensitive
finfish (e.g., Atlantic silversides, juvenile winter ﬂounder, and Jjuvenile tautogs
versus murmmchogs) :

. Conceptual Model

The primary stressors have multuple sources. The opportunity to reduce these sources of stressors .
are of primary management concern. The hypotheses below describe the finfish conceptual model
to illustrate the multiple ways finfish diversity and abundance are likely to change and to provide -
insights on where management action is most feasible. This discussion provxdes the basis for the )
conceptual submodel dlagram shown in Figure 4. :

Recreational and Commercial Fishing. Estuarine and offshore ﬁshmg remove reproductlve aged
fish from the population. This mortality will exacerbate other losses to adults, juveniles and eggs
from other stressors and can change the dynamics of the finfish community resultmg in shifts in
competition, feeding patterns and other behaviors. : :

Nutrient Loading. Nutrient loadmg increases algal productlon in the estuary Increased

production leads to increased organic matter loads and increased respirational oxygen demand,
resulting in periodic oxygen stress and occasional fish kills on warm, cloudy, calm days in summer,
when the bay may stratify. Nutrient loading also might lead to loss of eelgrass (see eelgrass
conceptual submodel Figure 3). Eelgrass beds are a nursery area for juvenile finfish; hence, loss of -
eelgrass may lead to declines in fish recruitment and fish populations. :

Toxic Chemicals. Toxic chemicals from lawns, agriculture, impervious surfaces and the MMR
plumes might cause direct morbidity and mortality of resident finfish in all age classes although
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some age classes could.be more susceptible Tox1c chemrcals also might lead to loss of eelgrass

- (see eelgrass conceptual submodel Figure 3).. Eelgrass beds are a nursery area for juvenile finfish;
hence, loss of eelgrass might lead to declmes in fish recruitment and eelgrass dependent ﬁsh
populations. : .

: Sedzments, Physwal Alteratzon and Dzsruptzon These stressors all can lead to loss. of eelgrass (see \

" eelgrass conceptual model Figure 3). Eelgrass beds are a nursery area for juvenile finfish; hence,

loss of eelgrass can lead to declinés in fish recruitment and fish populations. These stressors might

* also lead to loss of salt marshes through direct alteration. Salt marshes are spawning and nursery

" preliminary analys1s stressors were ranked in terms of potential risk to all resources in the

areas for several estuarine finfish and forage fish, hence loss of salt marshes mlght lead to declines
in fish recruitment and fish populations -

'2 4 Analysis Plan
The large number of assessment endpoints 1dent1ﬁed in this risk assessment required a prelimmary
evaluation of overlap among endpoints. .A comparative risk analysis was used to help define which

stressors, assessment endpoints, and relationships should be examined further. To do.this -

watershed. The following comparatlve risk analysis was conducted by the risk assessment team

- and is considered preliminary. It requires additional verification and peer review by scientists in

the watershed. . o "

The comparative risk analysis identified nutrient loading as the single most important stressor in
-aquatic habitats of the watershed. Accordingly, the team decided to focus subsequent analysis on’
nitrogen loading and eelgrass in the estuarine portion of the system. This analysis is twofold: 1)

" development of empirical models to predict response of eelgrass habitat to nitrogen loading; and 2)
development of models to predict nitrogen loading (from all sources) in the future as suburban o
development proceéds and as management actions are implemented. . -

Following discussion of the dev’elbpment of predictive models the remainder of the analysis plan -
discusses potential analyses that might be conducted to examine risks from other stressorsthat are -
not the focus of this uutial effort i , :

2, 4 1 Comparatlve Risk Analysns .

~ To conduct a comparatlve risk analysis, a process called “fuzzy set,” which is based on best

professional Judgment (Hartis et al., 1994; Wenger and Rong, 1987), was used. This approach -
was applied to each endpoint and stressor. The fuzzy set approach is a ‘decision analysis method for

- ranking alternatives according to multiple criteria. Applied to ecological risk assessment (Wenger
_ and Rong, 1987; Harris et al., 1994), stressors are the alternatives and the assessment endpoints are,

the criteria. The analysrs then ranks the stressors in order of greatest overall contnbutlon of risk to -

, the endpoints.

A prelimmary unpact matrix for the Waquoxt Bay watershed, derived from the conceptual model is

- shown in Table 5. Each column represents a single endpoint, and each row a single stressor from  © |

'the conceptual model. Every connection in the conceptual model from a stressor to an assessment
endpoint is represented by a non-zero cell in the effect matrix (Table S5). Estuarine and freshwater
elements are combined in this matrix, as they are in the conceptual model. Each cell contains the
effect of a stressor on an endpomt on an ordinal scale from 0 (no effect) to 3 (severe effect).
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(Harris et al., 1994). For example, the effect of nutrients on eelgrass habitat is given a 3 (severe,
indirect effect), but the effect of physical alteration on eelgrass habitat is given a 1 (slight effect) _
(Table 5). The effect : 7 toxic substances on pond trophic state is given a 0, because toxic
substances in the water-.ned are not thought to affect pond trophic state (no pathway in the
conceptual model). Vaiues in Table 5 were obtained by consensus among the team but are
preliminary and have not yet been reviewed by other scientists.

Table 5. Hypothesized effects matrix; each cell represents relative effect of a stressor on an endpomt

Migratory .| Freshwater '| Water-* " | Pond’, | Contami-- Eelgrass | ‘Estuarine Estuarine -

: fish- .nverte- " " | dependent | trophic’ |. ‘mation - | habitat. | ioveme-’ - . fish .

{ Stressors - brates © Wlldhfe stams. f o ] bratesos L
Toxic chemicals 1 1 0 |o 2 0 11 1t
Altered flow 2 2 2 ] 0o . 0 0. 0 0
Suspended sediments | 0 o 0 e 0 2 |1 R
| Nutrents ' 0 11 0 13 12 3 2 2
Physical alteration 2 1 1 0 0 -t 1 I
HarvestPressure | 1 o o - ]o o |o r |2
Disease 0 0 fo . 0 0 2 1 1

Rankings were obtained by the difference method, as explained in Wenger and Rong (1987) and
Harris et al. (1994). The effects of each stressor j on endpomt k are subtracted from the effects
of stressor i :

Dk(i,j) = Xy - X (Harris et al. 1994). .

The matnx R= (,,) is an m x m matrix of the sums of the above dlfferences for all endpomts k:

= SD,(i,j), z,] =1,2,...m (Harris et al., 1994). v
See Wenger and Rong (1987) for further formulas.  The row sums of matrix R were used for
ranking the stressors; the largest row sum was the dominant stressor (Table 5, Base Case). Using
the impacts of Table 5, nutrients were ranked first, followed by physical alteration, altered flow
toxic chemicals, and finally harvest pressure, ‘suspended sediments and disease (Table 6).

Stressors can be weighted by the persistence of the stressors if theu' input is removed Persistence
of stressors was ranked on a scale of 1 to 5, where 1 represents almost no persistence, and 5 is an
effect that lasts indefinitely (Table 7). .Altered flow and physical alteration received a persistence
score of 5 because they are permanent changes that do not reverse themselves. Toxic chemicals
and nutrients received a persistence score of 3 because of the time delay in ground water travel to
reach water bodies. Thus, if sources of either toxics or nutrients were stopped, substances
remaining it the ground watér would still affect water bodies for some time. Suspended sediments,
harvest pressure, and disease received a score of 1 because they are all relatively nonpersistent; i.e,
if fishing is stopped, there is no "residual" harvest pressure. Results of the weighting are also in-
Table 6 (weighted column). When weighted, the stressors tied previously for third place (altered
flow, toxxcs) dlfferentlated into third and fourth place (Table 6).

40 : ) . Waquoit Bay Watershed Ecological Risk Assessmém

- . , '




. Table 6. Stressorranks under three scenarios.’

" Stressors B | Base Case " - - Weighted Stressors - -Weighted with
’ co - : o | Stressor interaction-
Nutrients - : o 1 o ) 1 : 1~
Physical alteration - 2 2 2
“Al’tere‘d ﬁow o ' 3 13- 3
Toxic chemicals : . T ‘ 3 4 4
' Hervest pressure ‘ 4 5 ’ 5
Suspended sediments 4 ) 5 ‘ 5
Disease 4 ) 5

Stressors may interact w1th one another by exacerbatmg other stressors (Harrls et al., 1994)
‘Interactions among the stressors are shown in Table 8. Both members of an interacting pair of
‘stressors receive a score because both must be present for the interaction to work. Interaction
_scores were set at 1 because they are plausible, hypothesized relatlonshxps with no information on

_ their relative strength or actual existence. Nutrients can enhance the effects of both suspended

* sediments and disease by causing excess organic floc that can be resuspended and shaded eelgrass
may be more susceptible to disease.” Excess organic floc contributes to sedimentation. Toxic
chemicals may stress eelgrass plants so that they are more susceptible to-disease. The resultant
rankings reflecting both welghtmg and interaction (Table 6, rlghtmost column) were the same as

' the wexghted scenario only : : —

Table 7 . Relative persistence‘ of stressors. | | Table 8: Intel;aetien eﬁoﬁé stressors s
Nutrients o 1 - 3 o N Nutrienss - ’ b
Physical alteration 5 . Physical alteration =~~~ 0
Altered flow - ' 5 " | . ;Altered flow o Tl o
Toxicchemicals | 3 f| |l Toxicchemicals. . - Y
-Harvest pressure ‘ ; . l 1 v . || Harvest pressure : ' 0
Suspended sediments ‘ o : 1 . Suspesded sediments R V 1
Disease_», o . | ' Disease _ N |

Ranks were very similar among the three models, showing that the hypothesized effects matrix
(Table 5) was robust to changes in persistence and interaction. Nutrients were always ranked first;
physical habitat alteration was always ranked second. Suspended sedlments and disease were
always ranked last. Altered riverine ﬂow, and toxic chemicals, were tied in the ‘middle in the

, ‘unwelghted scenario, but when weights were applied they differentiated from each other. The .
* robustness of the rankings was due primarily to the number of endpoints affected by each stressor:
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Nutrients and physical alteration each affected six endpomts and nutrients had two strong effects
on two assessment endpoints (eelgrass habitat and pond trophic status). The comparative risk
analysis presented here must be regarded as preliminary because the effects matrix (Table,S) has
not at this writing been reviewed and agreed to by experts and knowledgeable persons on
ecological effects in estuaries. In the absence of quantitative data on the relative magmtudes of
effects of the different stressors, expert consensus is required.

2.4.2 Development of a Regional Model of Eelgrass Response to Nutrient Loading'

The comparative risk analysis, as well as prevailing scientific opinion prior to the comparative
analysis, indicated that excess nutrient loading, ‘particularly nitrogen, is the principal stressor
affecting Waquoit Bay estuary, which prevents most of the management objectives- from being met.
More detailed analysis will identify and address critical gaps in the relationship between nutrient
loading and assessment endpoints. This analysis will consist of two parts: . determination of the
predictive relationship between nutrient loading and eelgrass cover in estuaries of Cape Cod; and
prediction of future nutrient loading to Waquoit Bay under various scenarios of constructlon and
buildout. =

Although it has been’known for some time that mtrogen loading contnbutes to estuarme
eutrophication and loss of SAV in Wagquoit Bay and other estuaries of Cape Cod (e.g., Costa 1988
Valiela et al. 1992; D'Avanzo and Kremer, 1994), predictive relationships between nitrogen
loading or nitrogen sources on the one hand, and the biological response of the estuary on the other
have not been developed for estuaries such as Waquoit. The objective of this analysis will be-to
develop the link between estimates of modeled nitrogen loading and predlcted ecologlcal effects in .
the estuary. n _
The relationship has been examined within Waqu01t Bay over time and among its subestuarles but
in each case sample size was too small for statistical inference and for estimation of uncertalnty
(n=>5; Valiela et al., 1992). There is‘a clear correlation between population growth in the Wagquoit
Bay watershed, the.decline of eelgrass, and the decline of scallops (Valiela et al., 1992). However,
observations within the Bay and its subestuaries are a form of pseudoreplication because the .
observations, being from a single place, are'not independent (Hurlbert, 1984). Extending the
sample space to include similar embayments of Cape Cod would alleviate the pseudorepllcatlon
problem and would i increase sample size to allow estmlatlon of uncertainty.

Objectives '
> Quannfy the extent and cover of eelgrass historically and presently in Waquoit Bay
and in other similar estuaries.
> Estimate mtrogen loadmg in Waquont Bay and in ‘other sumlar estuaries in the
region. -
> Develop an empirical Inodel of the response of eelgrass cdver (assessment

endpoint) to estimated nitrogen loadmg (stressor) in Waquoxt Bay and in other
similar estuaries.

Submerged. aquatic vegetation (SAV) is a sensitive indicator of eutrophication in. estuanes ‘
(Dennison et al., 1993) and is easily momtored with aerial photography. As described in Section
2.2, eelgrass beds are preferred habitat of Juvemle scallops, and are a nursery and feeding area for
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'estuarme fish. Eelgrass beds can be identified and quantiﬁed from aerial unages and can be
" distinguished from other SAV (e g:, Ruppia, Codium) and from macroalgae and bare sediment: .
For these reasons, eelgrass cover was selected as a measurement endpoint for eelgrass habltat
estuarine finfish habitat, and estuarine benthic mvertebrate (mcludmg scallop) habltat

Justification and approach The analy51s approach for the nutrient hypothesis will be to examine

relationships between eelgrass cover and predicted nitrogen loading using a larger and more

independent sample of similar estuaries throughout Cape Cod, Martha's Vineyard, and Nantucket."

A similar approach was used to develop a predictive model for the estuaries of Buzzard's Bay .

(Costa, 1992). The Buzzard's Bay estuaries are open "and well-flushed, unlike Waquoit Bay, which -

_ is isolated by a barrier beach and has only a narrow outlet to the sea. There are several other
‘estuaries on Cape Cod, similar to ‘Waquoit Bay, with limited tidal flushing, varying degrees of

" ‘residential development, narrow inlets restrlctmg water exchange with open water, and substantial

ground water input from the sandy glac1a1 moraines and till of the | region. ;

The approach will be to develop one or more regressmn ‘models of eelgrass cover in estuanes of
Cape Cod and the islands. Eelgrass cover in each estuary, digitized from a series of aerial images,
will be the response variable. The principal predictive variable will be nitrogen loading; estimated
for each estuary from one of three extant N loading models (reviewed by Cadmus, 1995). An
alternative model will use watershed land use directly as a predictive variable. Sources of nitrogen*
(residential septic systems, lawns, discharges) nearest an estuary are expected to have a
~ proportionately greater effect on eutrophication and eelgrass cover than distant sources, due to
attenuation of N in groundwater (Valiela et al., 1996) and due to greater travel time from the
distant sources (Sham et al., 1995). This will be modeled by separating near sources from dxstant
sources as predlctlve vanables ina rnultlple regressnon model (see below)

The obJectxve of this exercise is to develop predictive relatlonshlps between estimated mtrogen
loadings and eelgrass cover in Cape Cod estuaries. The ¢entral assumption is that the estuaries
behave similarly and that by-altering nitrogen loading of a given estuary (i.e., Waquoit Bay)
eelgrass will respond as predicted by the empirical model. This approach has been successful in
management of eutrophlcatlon in lakes and has been successfully applied to the small estuaries of
Buzzard's Bay, and to larger estuaries such as Tampa Bay (Tampa, Bay NEP, 1995) “Therefore, it -
should also be successful for the estuanes of the South Shore of Cape Cod. i

Models for estzmatmg mtrogen loading. There are currently three models (CCC, WBLMER, and o
BBNEP) of nitrogen loading for Cape Cod estuaries. Each predicts the total 'N loading from
- measured variables, including the amount and distribution of residential septic systems, impervious
surfaces, lawns, natural vegetation, atmospheric deposition and other sources. The models differ in
assumptions on N transformations in ground water and the fate of atmospheric N deposition on
* .land, but all three result in substantially similar estimates of total N loading to the estuary (Cadmus,
1995). A fourth model (Sham et al., 1995) takes into-account the time required for nutrient-laden
groundwater to travel to surface waters, where it can contribute to eutrophlcatxon Newly ’
constructed septic systems and discharges may not,contribute to nutrient loading for several .
decades depending on the hydraulic travel time from the source to a surface water body (Sham et
,.1995). By analyzing construction dates of discharges and travel times, Sham. ‘and colleagues -
estunated that current loading to Waquoit Bay is approximately 70-percent of the ultimate loading
, from existing structures, and that 90 percent of the ultimate loadmg is reached in approxunately 10
years (Sham et al., 1995)
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The analysis here will take into account ground water travel time, as elucldated by Sham et al. The =
analysis used the CCC mode] as its base and also required a complete.land parcel database for the - .
Waquoit watershed, with date of construction for each parcel, as well as estimation of ground water
flow velocities from the extensive well data in the Waquoit watershed. A similar analysis at the

same level of detail for all watersheds in the model would be prohibitive. Such a level of detail is
probably unnecessary because the three base models for N loading have an estimated uncertainty of

25 to 40 percent (M. Geist, personal commumcatlon) Given the uncertainty of the base models, it
should be possible to develop coarser estimates of travel time and construction date and still be

within the uncertainty limits of the base model.

Given the prediction that 90 percent of ultnnate nitrogen loading is reached in 10 years (Sham et -

al., 1995), travel time can be approximated by estimating areas representing travel.times of 0 to 5
years, 5 to 10 years, and greater than 10 years. On a map, these would appear as concentric bands . .
around an estuary or parallel to a stream. A first-order approximation would be to estimate the
distance traveled by ground water in 5 years (approximately 1 km in Sham et al., 1995) and apply

that distance to all watersheds in the analysis. Land use and dates of construction can be estimated

for each of the three travel bands from a GIS database, and one of the N loading models can.then

be applied to estimate total N from each of the three source areas. .

Cape Cod Estuary charactenzatwn Approxnnately 90 seml-enclosed estuaries and subestuanes
are on the south shore of Cape Cod and the islands with a relatively narrow outlet to the sea or to
another estuary. Some will prove to be inappropriate for a regional model (e.g., too small, too
isolated, too open), but approximately.50 estuaries, might be sufficient for development of a
regional model. Eelgrass cover has been digitized from the Massachusetts DEP aerial i nnages and
integrated into t.he GIS database for all of these estuaries (Figure 8).

Charactenzatlon of each estuary and subestuary w111 require assembly of a GIS database for Cape
Cod and the islands. The existing Mass GIS database will provide boundaries, coastlines, streams,
place names, land use, and census data. The Cape Cod Commission has delineated ground water
watersheds for the Cape. The principal activities here will be digitization of bathymetry from the
NOAA charts and characterization of each estuary ‘and subestuary using GIS. Each estuary and -
subestuary will be characterized as follows:

Biological (from Mass DEP aerial images):

‘ 4 Eelgrass cover (percent of total area, .,perce'nt of area < 4m deep)

> Observations of Ruppia, Codium,- and algae in the estuary -

Physical (from Mass GIS and NOAA charts bathymetry):

> area
> maximum depth

. mean depth
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inlet width -

lnlet length

- inlet maximum depth "
inlet mean depth
" water body type outside of inlet (sound 1° estuary, 2° ‘estuary)

X Total channel length from estuary or subestuary to sound

Watershed and Land Use

>:

Population

‘ trdal waters

Watershed area (ground water). Ground water watersheds have been dehneated for .

Cape Cod estuaries by the Cape Cod Commission.

Land use (total area in each land use class)

_Area, land use, and populatlon w1thm 5-year ground water travel tune to udal

water: S

. Area, land use, and populatlon w1th1n 5-t0-10 year ground water travel time to tldal
waters : .

Area, land use, and populatlon greater than 10 year ground water travel time to

P

: Dlstnbutlon of new constructlon (<Syr old < 10 yr old) ina watershed

Eelgrass response model for Cape Cod Estuanes - Following characterization of each estuary, .data
‘will be plotted to determine whether relatlonshlps can be detected from scatterplots. The .
scatterplots will help determine the most appropriate model: hnear, curvilinear, or categorical
approaches such as logistic or loglinear models. At least four alternative models will be examined:
models using land use directly as a predictive variable, models using estimated nitrogen loading as
" the predictive variable, and models with and without an estuarine retention time parameter.

,Model 1 (simple land use)

y—a+bx,+cx2+dx3+e where ‘
y = eelgrass cover :

. x; = dwellings per unit estuarine surface area in the 0-5 yr. travel band
X, = dwelhngs in the 5-10 yr travel band

. x; = dwellings in the > 10 yr travel band,
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Modef 2 (estimated N loading)

‘y—a+bx+e where : . :
x- = areal mtrogen loading estimated from one of the N loadmg ‘models, takmg into account ,
-the three ground water travel bands. and estimated proportron of new constructron in each

Models 3and4 =~ - _ o

Models 1 and 2 might be improved with an estuarine retent1on time parameter the K
Vollenwerder parameter (Reynolds 1984 Costa et al., 1995), but this requxres more study :

V=t (I +%)", where ‘

tw = average hydraulic retentxon time

z = mean depth S S

'S0: y=Va+bx+e - . . e
V(a+bx,+Cx+dx3+e) L :

‘ Retentron time is dlfﬁcult to estimate in estuaries ‘because of highly varxable wind-induced and tidal
_mixing during a tidal cycle (Geyer and Signell, 1994) Retention time can be bounded at the upper
limit by freshwater inflow assuming no tidal exchiange (treating the estuary as a lake), and at the
lower limit by freshwater inflow, plus tidal inflow assuming complete mixing every tidal cycle.
- Actual mean retention time will be somewhere between these two extremes. A first-order -
approximation for these small estuaries will be to assume 50 percent mlxmg every tidal cycle, and.
_ calculate retention time accordmgly Alternatively, it has been suggested that macroalgae, because -
 they are held fast to one spot, mtercept nutrients that are carried past them in water currents and
hence are not affected by. estuarine retention time. If retention time is unimportant, then the
retentlon time models will perform poorly relatlve to models 1 and 2. ’

Uncertamtzes assocwted mth the eelgrass response model, An objectrve of risk assessment isto:
characterize uncertainty and its sources that may play a role i in prediction of rlsk Sources of
uncertamty in the ecological risk assessment include:

L Alternatwe hypothm Other explanatlons or mteractlons operatmg that were not
‘ - addressed or that might 1mpede attamment of management goals might be
operattng ' : :
e , Model uncertamty In the case of the estuarme analys1s there are three

competing nitrogen loading models, each of which will be examined for a "best fit"
. to the eelgrass response data. The resultant "best fit" model is empirical and does
. not necessarily reflect underlying mechanisms; it seeks only the best fit to the data.
However, as long as the predlctrons of the best fit model hold 1t is sufﬁcxent for '
management : .

e - Data uncertamty Data uncertamty mcludes data collection methods, adequacy of

o sample size, random sampling error, and measurement error. Random error
(including natural variability) is part of the data dlSttlbUthIl and can be analyzed
w1th empirical or Monte Carlo-methods. :

DRAFT—June 13, 1996 o ‘ a7




Uncertainties associated with factors affecting eelgrass. Predictions from the estuarine portion of
the risk assessment will include risk of continued eelgrass habitat loss, or, conversely, probability *.
of eelgrass habitat recovery for given nutrient management scenarios. These predictions and
probabilities will derive from the empirical models developed in the analysis phase on eelgrass
response to predicted nutrient loading. The response model will not cover several alternative and
interacting hypotheses that may also contribute to eelgrass loss or may prevent eelgrass habitat
recovery,. Thus, the models are intended to predlct necessary, but not necessarlly sufﬁcxent
conditions for eelgrass recovery.

Eelgrass requires relatively clear water (Secchi depth = 1-2 m); it will grow in sahmtles greater
than 10-15 ppt, and sediments composed of fine sands or muddy sands (Batiuk et.al. 1992).
Necessary and sufficient conditions for eelgrass growth and recovery in Wagquoit Ba_y are:

> Low nitrogen concentrations that are not toxic to eelgrass (<1 uM; Burkholder,
1992) and that permit eelgrass growth while limiting rapid growth of Cladophora
and Gracilaria. Cladophora is characteristic of eutrophic habitats. In Sage Lot
Pond, a subestuary of Waquoit Bay, Cladophora and Gracilaria were limited when
nitrate concentration was less than 1 M in the water column and when sediment
interstitial ammonia was less than 1.5 uM (Peckol et al., 1994). Similarly, Batiuk -
et al. (1992) recommended nitrogen concentrations less than 0.15 mg/L DIN (<24 °
M) to limit phytoplankton growth in eelgrass habitat of the Chesapeake Bay. '

Achieving low nitrogen loading to Waquoit Bay will require some sort of nitrogen
source control, as well as a sufficient lag time to allow nitrogen currently in the
ground water to be flushed out. Groundwater travel times.in the watershed might
be several tens of years, depending on distance from a source to a water body
(Sham et al., 1995). Management scenarios to be analyzed will include an estimate
of the lag time necessary for changes in nutrient supply to take effect in the estuary.
A secondary time lag is the pool of nitrogen in the decomposing organic matter,
which is thought to be approximately 3 years' supply (Tampa Bay NEP, 1995).
The organic nitrogen pool may therefore require 3 to 5 years to equilibrate to a
lower level, but this appears to be negligible compared to the tune lag in the supply -
rate.

> Absence of macroalgal and epiphytic growth capable of overgrowing and shading -
eelgrass. Eutrophication and excess algal production are reversible if nutrient
- availability is reduced. Achievement of low nitrogen loading and a reduced
nitrogen pool in the estuary will result in reduced algal growth.

d Low turbidity and low resuspension of fine organic matter. Because of the sandy .
soils of Cape Cod, mineral turbidity (silt and clay) is not a problem in Cape Cod .
waters. In Waquoit Bay, fine organic matter from decomposing algae is
resuspended by wind, tide, and boat wakes. This organic matter can settle, on
eelgrass leaves, enhanced by the surface roughness of eplphytlc algae. The -
epiphytes and the organic sediment ‘shade the leaves and can inhibit eelgrass
growth. Although this mechanism of sediment entrapment by epiphytes has been
proposed to contribute to SAV loss (e.g., Kemp et al., 1983; Short 1993), it has
never been demonstrated to operate in the field or in the laboratory.

5
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Excess organic may:ter is a consequence of exce'ss production due to nutrient '

enrichment. If the supply of organic matter is reduced, by reducing nutrient - -

loading and primary production, then,the organic matter pool would eventually -

+ decline due to decomposition, burial in the sediment, or-export from the system. -

~- - Thus, as long as nutrient loading is reduced, organic matter will decline with it,
perhaps delayed by a time lag of 3 to. 5 years (Tampa Bay NEP 1995)

e Approprxate sediment for eelgrass growth. Eelgrass can grow in a variety of
" sediments, including mixtures of sand and mud, fine sands, and other particle sizes
(Orth and Montfrans, 1984; Batiuk et al., 1992; Burkholder et al., 1992) The
sediment has prekusly been approprlate for eelgrass growth .

- ~ Appropriate salinity for eelgrass growth (> 10-15 ppt) Avallable mformatlon
+ indicates that Waquoit Bay has not freshened. - : -

C o Eelgrass propagules Ex1st1ng eelgrass root stocks and seed banks mlght have been
exhausted in the years of decline.” Natural recolonization is a random event and
depends on nearby seed sources. The remnant eelgrass populations in the
subestuaries Hamblin and Jehu Ponds, as well as offshore populations, may provide’
seeds to Waquoit Bay, but there is no way of knowmg when such colonization' -
might occur. -Aerial images (1994) show large and extensive eelgrass beds in
Vineyard Sound just outside the Waquoit Bay inlet (Figure 8). Alternatively,

_eelgrass may be planted to restore meadows, if habitat requirements have been met.

" Restoration (planting) of habitat that meets eelgrass ecological requirements (light,
salinity, substrate) has met with mixed success (up to 80 percent survxval but
variable; Batiuk et al., 1992)

Model uncertamty The exposure—response models result i in an empmcal uncertamty, expressed as

- the confidence intervals of the models. Another type of uncertainty is model uncertainty, or
indeterminacy, because it is not known which loading models are correct, or.even which one gives.
the best estimates of nitrogen loading and its sources. In the risk assessment framework, the
confidence intervals of the eelgrass response models Tepresent uncertainty of ecological effects and "
the indeterminacy of the loadings models represent uncertamty of -exposure.

Data Uncertainty. The standard error of predlcted values is the uncertamty of the
exposure-response model. The exposure model, in turn, has uncertainty due to uncertainty of its

" input variables. The output uncertainty can be simulated with a Monte Carlo approach and yields a
distribution of the output variable, N loading. The N-loading distribution is then combined with
distributions of other input variables to the exposure-response model and the uncertainty of the

A predxctxon to yield an overall uncertainty of the combined model. The uncertamty can be expressed
as a confidence mterval or a cumulative distribution. - .

The final models and their estlmated uncertamnes can be',used to predict the probable consequences
of specific management scenarios (e.g., effects of complete planned buildout; effects of sewer
installation in selected portions of the watershed, effects of improved septic systems, effects of lawn
fertilizer ban). They can also be used to estimate the probability that a management action will fail
" to achieve its target, and thus, how much effort is necessary to obtain, for example 90 percent
probabrhty of achieving the objective.

2. 4 3 Future Nltrogen Loading to Waquont Bay
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The CCC, BBP, and LMR models are steady-state models; however, Sham et al. (1995)
demonstrated that nutrient loading to the estuary is not in equilibrium with land use. Nutrient
loading and associated ecological effects can lag many years behind changes in land use as a result -
of the time it takes for ground water to travel from the point of recharge to the estuary;
furthermore, the duration of the time lag varies across the watershed. Ground water travel times
from some parts of the watershed to the estuary may approach 100 years (Sham et al., 1995). For
. these reasons, nitrogen loading to the estuary is not a function of land use at any one point in time.

Empirical assessment of the relationship between land use and nutrient loading in Waquoit Bay
must take into account the time lag between contamination of ground water at the point of recharge
and discharge to the estuary. This can be most effectively accomplished by combining the major
elements of the LMER model at the Sham et al. model. A hybrid model should include the variety
of sources and loss terms incorporated into the LMER model, as well as the spatio-temporal aspects
of the Sham et al. model. Indicators of nitrogen sources will need to be carefully chosen based on
avallablhty of historical data. A critical factor to include from the LMER model is attenuatxon of
nitrogen in ground water.

The goal of the hybnd modeling effort will be to produce a time-series of hmdcasted and forecasted
nitrogen loadmg rates to Waquoit Bay that incorporates all of the significant sources for which
reliable data can be obtained. The form of the model output will be similar to that from Sham et al.
(1995). Nitrogen loading rates can then be plotted against measures of ecological effects. These ,
data can be used to aid mterpretatlon of the ongoing, empirical, cross—sectxonal analysis of current
land use and eelgrass extent in Cape ‘Cod estuaries. : -

The predicted time series of mtrogen loadmg to Waquoit and observed eelgrass cover can be used
. to test the regional model developed above. Following testing, the models can be used to predict
the effects of different nutrient management scenarios for Waquoit bay

2.4.4 Potential Future Analysns for Other Stressors

The preliminary comparative risk analysis identified nutrient loading as the dominant stressor in the
watershed. This risk assessment will explicitly analyze estuarine nutrient loading, leaving
freshwater nutrient loading, habitat alteration, and other stressors for future, more comprehensive
analysis. Directions this future analysis could take are discussed below.

Pond Nutrient Loading. Ashumet and Johns Ponds are subJect to nutnent enrichment (primarily
phosphorus) from ground water and nonpoint runoff. -

Objectives
> Characterize expected trophic state of Cape Cod ponds not sub_,ect to dlscharges
. residential septic seepage, and suburban lawn and road runoff .
> Characterize current tropmc state of Ashumet and Johns ponds from ongomg MMR
studles
> Estimate risk of further eutrophication of the ponds based on pro;ected increases in

P loading, using a Vollenweider eutrophlcatlon model.
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. Physical Habitat Alteration. - Physical habitat alteration has the greatest. potential effects on’
freshwater stream components and on water dependent wildlife. Effects are well-known: removal
of a habitat results in removal of species dependent on that habitat. ' It is generally not reversible .
.unless the original habitat is restored. Physical habitat alteration in the Waquoit watershed includes
beach protection, which changes the dynamics of barrier beaches; road and subdivision
construction in nontidal wetlands; and road and development alterations of streams. Except for
beach protection, the continuing extent of habitat alteration in the Waquoit watershed is poorly
known. Salt marsh is currently protected from further encroachment by developmerit; freshwater
wetlands, less so. Habitat of the Quashnet River has been restored, but not in the Childs River. It

- is not known whether further habitat alteration will take place in these rivers. - '

A second component is temporary habitat disruption, with no permanent habitat loss. If the .
disruption is more frequent and more severe than the ability of the system to recover, it can become

a permanent loss. Disruption is often a question of overuse, such as by mountain bikes, off-road .
" vehicles, or boats. The principal concern in Waquoit has been boat propellers clipping eelgrass and -
preventing its recovery: ‘ o g e o

Objectives
BTN Méasuré the present and hi,‘storicalv extgnt of suiiéblé habitat fo‘ry beach and dune . v _
) ngsting birds. ' C
. Quantify. tﬁe. abundance of pldvers and fgrxis m the watershed,t
"+ Corrélate habitat and bird abundance ata. |
Development of habttat loss-response relatio;zship between avzan habitat and spe;cies 'abu'ndances; ' W ’

Habitat loss is well known to cause irreversible loss of species dependent on the habitat for a key
part of their life cycle. Birds are particularly vulnerable to loss of nesting areas, and fish are
vulnerable to loss or degradation of spawning areas. The U.S. Fish and Wildlife Service; the
National Biological Service, and the Massachusetts Audubon Society might have information on -
suitable habitat for beach and dune nesting birds, estimates of past habitat extent, and bird counts or

“'mest counts in the area. If the information is available, it may be possible to determine trends in
available habitat and nesting activity over time and in relation to land use and population.
measurement endpoints. A S ’ '

Eelgrass Disruption. A stress-response relationship between eelgrass and boating activity is more

. difficult to develop because data are more difficult to obtain and because boating activity and - .
nutrient loading are likely to be collinear in the Cape Cod region.’ Information from sites with high
boating activity but low nutrient loading, and sites with high nutrient loading but low boating =~

" activity will be needed. Sargent et al. (1995) documents seagrass scarring. from propellers at sites
around the coast of Florida. - T : L S :

" Alternatively, what information would be required to answer this in the future? A simple '
experiment would be to cordon off several areas from boat traffic after nitrogen management is
implemented. Eelgrass regeneration within the fenced areas but not outside would indicate that
- boat traffic is significant in inhibiting eelgrass regrowth. ‘ '

Other Stressors. Al other stressors ic:le'ntiﬁed‘ in this risk assess;hént ranked lower in priority in the
comparative ri'sk analysis. The MMR toxics assessment will analyze human health risks due to -
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toxic substances in the ponds, and an ecological risk ainalys1s is still needed. For the other |
stressors, too few data exist for further analysis at this time. Possible hypotheses that would be
addressed in later phases of this risk assessment include:

> Altered riverine flow. Altered flow'in the streams from ground water removal,
cranberry cultivation, and storm water runoff decrease stream base flow and~
increases stormflow, and increase the risk of habitat degradation for anadromous
fish and invertebrates in the streams of the watershed.

> Toxic chemicals. Toxic chemicals in ground water plumes and from lawn and
suburban stormwater runoff increase the risk of loss of freshwater and estuarme
fish and invertebrates. ‘

' > Harvest pressure. Excessive harvest pressure increases the risk of loss of
commercial and recreational fish and shellfish in the estuarme and freshwater
systems of the Waqumt Bay watershed

> Suspended sedlments. Suspended sediments, primarily from resuspension of
organic floc by boat wakes in the estuary, increases the risk of loss of eelgrass due
to sedimentation of the floc on the eelgrass blades and increased light attenuation;
and therefore also increases the risk of loss of estuarine ﬁsh and invertebrate
habitat. .

A future analysis approach would be to assess the extent and magnitude of each of the stressors, to
address the question of exposure of the system to the stressors. For example, analysis of altered
flow might include determining the stormflow hydrography of the most altered stream (Child's
River), and comparing it to less altered streams such as the Quashnet or other rivers. Alteration of
base flow could be addressed by analysis of USGS gauge readings. USGS might have determined
stormflow hydrographs for streams with a gauging station. If flow alteration is minor, even in the
most heavily altered stream, flow alteration is a negligible problem overall. . :
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WAQUOIT BAY WATERSHED CASE
STUDY

Wagquoit Bay Risk Assessment Team

Suzanne Marcy Technical Panel Chair, U.S. Envuonmental Protectlon Agency, Office of

‘ Water
Patti Tyler’ U.S. Environmental Prot_ecﬁon Agency, Region 1
Maggie Geist Wagquoit Bay National Estuarine Reséarch Reservé ’
David Dow National Marine Fisheries Service, Northeast Fisheries 'Sciencée ‘Celnter
Jeroen Gerritsen Tetra Tech, Inc. | B |
Chuck Spoone;' U.S: Environmental Protection Agency, Office of Water ' . L

Conchi Rodriguez u. S Environmental Protectxon Agency, Office of Prevention, Pestxcndes
and Toxic  Substances :

Vicki Atwell U:S. Environmental Protection Agency, Office of Research and '
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NEWSPAPER ADVERTISEMENT AND ARTICLE
ON WAQUOIT BAY WATERSHEDCASE STUDY

The US Environmental Protection Agency (EPA), in conjuncton with the
Waquoit Bay National Estuarine Research Reserve (WBNERR)
i prou! to announce that the Wagquoit Bay Estuary watershed is one of five selected nationwide
for participation in an ecological risk asscssment case study beginning this fall. .~ -

The framework developed for ecological risk asseasment is based on the Human Health Risk
Assessrent format cmployed successfully by the EPA for the last ten ysars. This process is
designed to identify and evaluate human health "stressors™ in a variety of sertings and provide

this information to those passons effected. A human health stressor is defined as any physical,
chemical, or bislogical entity that can induce an adverse effect on the human orgsnism. o
Examples of such stressors range from highly toxic substances such as plutonium to less harmful
oconsiderations such as vitraviolet solar radiation. S . S

A similar approach is now being spplied to whole watersheds. Here, the "ecological health” of
the watershed ecosystems is the prime consideration rather than the physical health of human
individuals, The Waquoit Bay watcrstied has been selectod ss the representative of marine
ocoastal embsyments in the case study which begins this fall, Other watersheds which have also
been selocted include; the Clinch-Powell River in Tennesses, the North Platte River in Nebraska,

the Sriake River in Idaho and the Big Darby Creek in Ohio. -
To initiate resident involvement in this projest EPA and WENERR are holding a:

Public Forum - September 21st - 7 PM -
Waquoit Bay Yacht Club.

The purpose of this moesting is to receive input from sll on what should be considered asan .
“ecosystem stressor” in this watershed. An example of one ecological stressor already under
scientific investigation at Waquoit Bay is nutrient nitrogen (nitrate). This substance is not 2
significant Aunian Aealth stressor but, because of its effect on the growth and spread of certain
marine algas, it has had a major effest on the structure of the Bsy's benthic ecosystem.

We invite all persons to attend with their concerns and ideas. This meeting is expressly for the

purpose of receiving public input before prioritizing and evaluating the ecologic risk fastors at

~ Wagquoit Bay. Waquoit Bay watershed residents are those with the historical perspective and

* your input is 8 highly-valued part of the prooess, Be assured that all input will be recorded and
carefully considered by the project personnel. : -

The Waquoit Bay Yacht Club is located on Scapit Road just off Rto. 28 noar the Childs River
crossing.' This is just across tho river from Edward's Boatyard. If you have any questions sbout

this mocting or, if you have input but arc unsble to attend, pleass contact Dr. R. Jude
Wilbcr, Educational Coordinator at WBNERR. 508-457-0495.
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The Environmentai Protection
Agency is performing a risk as-.

fully for the past
nan Hoalsh

sesamertc-ue Yeuliynrme s
quoit Bay Estuary that will iden-
tify human activities that cause
adverse biological, chemical
and/or physical effects and wiil
develop guidelines on how.to pro-
tect the watershed. .

About 20 residents met at the
Waquoit Bay Yacht Club Tuesday

night with officials from the EPA
and the Waquoit Bay National Es-
tuarine Research Rederve to offer
suggestions on what activities neg-
atively affect the watershed and
what resources and values resi-
dents want to preserve. The as-
sessment team will also meet with
researchers from the research re-
serve for input. : )
“We have the experience in do-
ing risk assessments,” Patti Tyler,

chairman of the Waquoit Bay wa-

——— —— o

‘tershed risk asseasment work
-group 3zid, “but we do not have
knowledge of the watershed.”

She added that the group was
seeking comment from the publie
because it knows what sctivitios
are happening in' Waquoit Bay
and what resources have been
damaged. -

~ Residents identified about 50

stressors — activities that nega-
tively affect an ecosystem — that
they wanted the work group to in-
"vestigate. Some of these stressors
ineluded nutrient loading, sheil-
fishing -by - raking -or plunging,
building and deveiopment, boat
speeding, acid rain, and paint and
oil on boat bottoms. '
. Inaddition, they listed about 25
resources and values they wouild
like to ses preserved at Wagquoit
Bay, -including wildlife, habitat,
shellfish, finfish, clean - water,
open space, visual beauty and »
recraational atmosphere.

. Suzanne ‘Lareey, chairman of-
the technical committee oversee-

| ing the' five Ecological Risk As-

sessment case studies that will be
conducted in'the nation, said that
this study will be the first that ex-
amines the combined effects of a
chemical; Physical and biologicsl

multiple stressors,” Dr. Lercey
safd, - oo :

" - While ‘many “researches have
conducted studies on Waquoit
Bay, the director, Christine Gault
said, they have focused on one 13-
sueoronestressor. . .
' “One of the betiefits of this pro-
Ject is- that it's going to'pull to-

projects,” she said, 7t ;1 .
- The:study will' test a' risk \ane
aessment process -that evaluates

.and ranks the:potential. threat of |.
{ activities on ecological resources

and determines how people can
protect .resources from eJhose
threats. The EPA-has used the

.for the Human Health

' iﬁtiﬁ%ﬁm‘ent.’ but has not ugeg "

itio study ecologicalnisks.
© “We need to find a way of pull-
ing "allof ‘that ‘information'‘ to
gether'in a cohesive manney,” .Dr. '
Larceysaidl. -0 wtr ., e i

ks

- In addition to Waauoit Rav n.,‘

Risk Study Will Be Used To Develop
~ Guidelines To Py.

The EPA has used the . process suceess-

_ ¥ 40 years for the Hu-

. atisk Assessment, but has

not used it to study ecologlical risks.

River in Tennessee, the Middle
Platte Wetlands in Nebraska, the
Snake River in Idaho, and the Big
Darby Creek in Ohio. .
A Unique Watershed C
- InJune, the EPA selected Wa-
quoit Bay 28 a case study because
‘the estuary i5 a unique watershed
with discrete and identifiable
stressors and alarge amount local
and scientific interest. The work
group conducting the study will
not gather new data, but will use
existing data from former pro-
jeets. ' .

- The work group comprises five
‘officials from the EPA and R.
Jude Wiibur, educational coordi-

‘| nator at the reserve.

. By November, the group plans
to complete the first phase of the
process, which is to identify the
problems it will examine and
what impacts it expects to sce.
“This tells us where we need to
.80," Dr. Larcey said. = - .

otect Waquoit Bay

The group will then gather and
analyze available information on
Waquoit Bay. Ms. Tyler said that -
members have already talked
with scientists from the Woods
Hole Oceanographic -Institution,
Boston University and Smith Col-
lege, who havé conducted re-
search on Waquoit Bay, - .

The last stage of the process is
to characterize the risks, ‘Dr.
Larcey expects that the group will
complete the drafl of the risk as-
Sessment by next September.

- In addition, the group will use
the case studies to develop guide-
lines that will advise residents
and researchers on how they can

_use-the study's information effec-

tively and can protect the esty.
ary's resources. Dr. Larcey said

‘that the guidelines will not. only

be developed for the specific case
studies, but can be used for any
watershed. . ‘

~ Two offices of the EPA are
sponsoring the study. The Risk As-
sessment Forum wants to test the -
risk assessment framework for an
ecological study and wants to use
the information to develop risk as-
sessment guidelines. The Office of
Water wants to use the informa-
tion for watershed planning. :

stressors on an scological system, |
“A process is needed to assess |,

gether all -of the results*sf these'

process successfully for the past |
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APPENDIX C:  RESULTS OF THE WAQUOIT BAY
- - PUBLIC MEETING *

A pubhc forum was held September 21 1993 at the Waqoult Bay Yacht Club. Part1c1pants |
contributed to the identification of what was valuable in the watershed (Table C-1) and to the -
identification of the prmcxpal stressors that might be placmg those valuable resources at risk (Tables
- C-2and C-3)

[

~ Table C-1. Envuonmental valueslconcerns that should be protected in the Waquont Bay watershed.

-;Envxronmentale VaIuesIConcems at.AShouId.. ¢

‘Open Space . .. ' - : Marshland -

Non-Economic Values . * - ' | Upland-Marsh Ecotone

Historical/Political Perspective R "Habitat"

Traditional Lifestyles -~ | Recreational "Atmosphere”

Scenic Views L ' | Water Quality .

Education L ' . | Flushing Rates . .
“Indigenous Wildlife R + | Air Quality L o
Flyway Integrity . Questions on General "Health" of Exxstmg :

’ (migrating waterfowl) 'Ecosystem(s)-Health As Measured, (re: only
Recreation ' 7| identified "active" stressor) - o

(swimming) L ’ Washburn Island

Food Resource Safety _— | Human Health and Domestic Animals Health
Tourists o T (re: lyme disease) .
- *Historical” Bay Ecosystem Structure’ ~ .° | Habitat - '

' Quahty of Life” ‘ ‘Striped Bass

(pleasant sensual experiences, natural noise, | Navigation .
smells, sights, night sky/darkness, freedom | Ground Water Quahty

to enjoy, visual beauty, access to natural 'Eel Grass
. beauty, wildlife, vegetation, pheasants, Wwildlife -
~ skunks, clean water, clean air) . . -Marine Organisms -
Shellﬁshery ' . ‘ Finfishery . '
Shellfishing . AU : Finfishing
"Clean” Water ‘ ’ . | Herring - .
Shoreline e L Aquifer Integrity

il

Human Sefenity - ‘ . (flow rates).
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_ Table C-2.. Types of stressors affecting the Wz;quoit Bay watershed.

Stressor © .| Chemical | Physical Biological

Drcdg_mg : . X X
Commercial Overfishing butside of the Baiy : ' c X’

Commercial Trawling : ’ X

Water Withdrawal & Effect of Groundwater/Surface Water Relénionship | x X

Non-Native Species : - . 1 x

Bacterial Population - . _ ] ; ’ B ' X
Acid Rain . ' - X

Ignorance, Lack of Education

Nutrient Loading X X X
—Fertilizers for Lawn, Golf Courses and Agriculture; Sewage Treatment . ‘
Plants; Acid Rain; Road Runoff; Boats; Livestock & Pets; Wildlife
(Waterfowl)

Boat Prop Disturbance . , : « - X

Shellfishing . : S X
—Raking; Plunging ) T 1

Waterfowl ) ] ' : : X

Boat Wake Disturbance

Overpopluation - v T . X X
—Uncontrolled Growth, Uncontrolled Access '

Habitat Loss R D S X
—Loss of Ecotone Between Marsh and Upland; Trampling of Marsh by ' )

Boats and People; Unmonitored Campling; Upland Development
Resultmg in Sedxmcntauon and Hydrologlc Changes

. Lack of Valucs
Non-Nutrient Runoﬁ‘ . : . ' o X - X
Man-Made Noise " X '

Historic Fuel Dumpmg ' X
—Residual Contamination within the Almosphete

‘Wet Deposition l L X X X
Dry Depaosition o | X . X . X

Regional Air Transport and Patterns ‘ X
Ignorant Tourists ' '

Apathy

Fertilizers | x X ,
—-Insecticides, Pesticides ‘ : ‘

+Global Warming S X X
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. Table C-2. Types of stiressors affecting the Waquoit Bay watershed (cbntinugd).

Stressor i oot e 0 Chemical - ‘Pﬂysicéf g Biological -

Sea Level Rise . ‘ L o o X X

- Catastrophic Storms T . ‘ o - X
—Nor'Easter, Hurricanes : . :

Boatmg Impacts from Shade and Anchorage J o X - X 7

'DocksandPxers T L A : - X

Boat Bottom Paint, Oil and Fuel o . . : X

Boat Speeding , . ‘ - "X

Shoalin_g>Loss of Flushing within Bay - : - ' . ' X BE X

_Building/Development : , X - X

x |

Careless Disposal of Chemicals

4

) Uncontrollied Drainage
—Road Runoff, Agricultural

Lead Shot

Cresote on lemgs

Copper Arsemate on Plhngs

I L L

"Underground Storage Tanks

'Lyme Disease ‘ . ‘ | X .
—Ticks, Deer, thte-Footed Mouse (Vectots) ' ' ' ‘ Lo

>

'Iack of Managemem

>

- Short-Term Economic Values

Otis Air Force Base =~ . - : X

‘Willful Destruction of Natural Resources
Lack of Enforcement ' o . - L X

I I [pe I
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Table C-3. Waquoit Bay watershed stressors and ecological effects.

Stressor

systems

Source Type. - Ecological Effects '
Septic systems, Nitrogen Chernical Increase in macroalgae and
fertilizers, phytoplankton growth
atmospheric deposition’ :
Septic systems Pathogens Biological Introduction of pathogens and fecal
. coliforms to surface water -
| Septic systt:ms>~ Fecal coliforms Biological. i Shellﬁsh bed closures’
| Nutrient input Shading by Physical Alteration of substrate and decrease i in
| macroalgae light attenuation
Nutrient input Shading by Biological Major faunal alterations m benthic and
macroalgae : : fish communities
Nutrient input Increase in macroalgal | Biological -Alteration of macroalgal specxes
growth . composition ,
Loss of habitat for submerged aquatlc
vegetatlon
| Loss of spawning sites for fish
Loss of ludmg places and protection of
fish :
Loss of scallop larvae settling habitat
| Nutrient input Increase in macroalgal | Physical Change in water colbration
- growth - :
Macroalgal growth Increased respiration Chemical Decrease of dissolved oxygen within the
of macroalgae water. column.
An increase in respiratiori raies in
combination with a temperature and
cloud cover increase=anoxic events
' Macroalgal growth Increased respiration Biological * .} Mortality within benthic invertebrate
of macroalgae and fish populations :
Macroalgal growth Competition by Biological Loss of eelgrass habitat
macroalgae . ’
Unleashed dogs, gulls, wild predators Physical and Disturbing nesting areas for two
crows, red fox, and biological endangered species—piping plover and
eastern coyote : least tern and the threatened roseate tern
Mute swan Introduction of exotic | Biological Displacing native waterfowl species
species :
Fertilizers and septic Phosphorus Chemical
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.Table C-3. 'V‘V.a.quoit Bay watershed stressors and ecological effects (continued).

. ° ' .-Source .,

Marinas and piers

Antifouling chemical .
- leachate

Chemical

' Ecological Effects” -~ . ...

Negative biological effects on organisms
in contact with it ' : .

Gasoline, motor oil,
Automobile and boat
_engines

. Organic compounds ‘
1 acetone, benzene,
- naphthalene,

petroleum
hydrocarbons,
polychlorinated'
biphenyls and creosote

Chemical '

‘Massachusetts Miljtary
Reservation
(Otis Air Force Base)

*Methylene chldride,
cis 1,2 dichloroethy- -

" lene, 1,1,1-

trichloroethane, .
trichloroethy-lene,
perchloro-

ethane, 1,2-DBA, -~
toluene, ethylbenzene,
xylene in Sergou
Phase I Field GC
Screening Data

Chemical _

'Massachusetts Military
Reservation
(Otis Air Force Base)

DCE, TCE, PCE, in
Ashumet Valley

Groundwater Plume

.Chemical

Lawns, golf courses,
cranberry bogs

Need information

Chemical

Road deicing salt

Need information - .

Chemical

Phytotoxicity, leaf fall

Landfill leachates .

Unrecorded dump
sites (need more
information)

_Chemical

?

Metals—
arsenic, cadmium,
chromium, copper,

| lead, mercury,

molybdenum, nickel,
silver, zinc

Chemical

_Looking into 6btainihg'informa;ioh
- from the EMAP program ~

Hurricanes or severe
storms :

Physical

Flooding of upper estuary
Shc;feline erosion = -
Altered tidal regime -
Increase volume of water input

Sediment resuspension

"
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Table C-3. Waquoit Bay watershed stressors and,ecolbgical effects (continued).

Saurce R Stresspr e Type. o Lo " Ecological Effects.

Seawalls and jetties » Physical Major alteration of shoreline dynamics
Sediment resuspension |
Coastal erosi&n

Sediment buildup

Chmge in flushing rateé

Boat propellers Physical | Rip-up vegetation
‘ Sediment resuspension

Increased turbulence and mixing in
water column

Polar outbreaks . Physical | Freezing of bay
| Commercial shellfishing Raking and plunging Physical Disturbing sediment
: for scallops )
Resuspending nutrients’
Increasing turbidity
Construction development | Filling wetlands Physical Loss of marsh-uplands ecotone

- Increase surface water runoff (activities
) . . ' such as paving to lead to an increase in

| . surface water runoff temperature)

Increase sediment loading

Alter groundwater flow

Otis Air Force Base Thermonuclear - | Physical ' .| Intense heat and the end of life as we

explosion ’ know it . ’ ] o
Global climate change Sea level rise and Physical Flooding

. . increase in turbidity :
and sediment loading Altergtion on coastline
- Increase in turbidity and sediment”
loading
i)redging channels Physical ) - | Sediment disturbance and increase in
" : ‘ turbidity .
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* APPENDIX D:

Attendees |
. Ton;-Cmnbarerr
Bruce Carliale |
Joe Costa
David Dow
Perry Ellis

" Tom Fudala .

Jeroen Gerritsen

Steve Hurley
Chuck Lawrence
Sandy ‘McLean ‘

iCarl‘ Melberg '

. JoAnn Muramoto

. Mark Patton
Pam ronbni

~ Bob Sherman

Jan Smith

Patti Tyler

- Mary Varteresian -

U.S. Environmental Protection Agency, Region 1

" U.S. Fish and Wildlife Service -

WAQUOIT BAY MANAGEMENT
GOALS MEETIN G |

‘Cape Cod Commission= . =

Massachusetts Coastal Zone Managemerrt

_ Buzzards Bay Natlonal Estuary Program
Nanonal Marme Flshenes Servrce Northeast Flsherles Sc1ence Center
| Mashpee Harbor Master

' Mashpee Plannmg Department

Tetra Tech Inc.

. Mas_;achusetts. Division of Fisheries and wildlife

Cap'eCodCommission ' . T -

' szens for the Protectron of Waquoit Bay
Us. Frsh and erdhfe Service |

'Falmouth Conservatlon Commxssron

Otis Installatlon Restoratlon Program

League of Women Voters, Fa_lmouth

Mashpee Conservation Commission

Massachusetts Coastal Zene 'Nianagement :

“Monomoscoy Improvement Trust

‘Brooks Wood '
Rick York Mashpee Shellfish Department
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Waquoit Bay Concerned Organizations

Ashumet - John's Pond Aésociation

Ashumet Valley Property Owner's Association, Inc.
Association for the Preservation of Cape Cod
Atlantic States Marine Fisheries Commission

Barnstable County Department of Health and
Environment

. Cape and Islands Coz;stal Waters Steering Committvee
Cape and Islands Self Reliance Corporation - |
Cape Cod Beagle Club

Cape Cod Commission (CCC)

Cape Cod Cooperative Extension Service

Citizens for the Protection of Waquoit Bay
Davisville Associatiop

F.A.C.E.S.

Falmouth Rod and Gun Club

Falmouth Condo Trust

Green Briar Nature Center _

Mashpee Briarwood Association, Inc.

Massachusetts Audubon Society

Massachusetts Coastal Zone Mmgemcnt (CZM)

Massachusetts Department of Environmental
Managcmcm (MADEM)

Massachusetts Department of Environmental |
Protection (MADEP)

Massachusetts liepartment of Fisheries, wildlife,
and Environmental Law Enforcement

Massachusetts Heritage Society

Massachusetts Military Reservation (MMR)
Me:nauham Harbor Association

National Oceanographic and Atmospheric
Administration (NOAA) National Estuarine Research

Reserve System (NERRS)

i

NOAA National Marine Fisheries Service (NMFS)

National Science Foundation (NSF) Land Margin
Ecosystems Research-(LMER)

The Nature Conservancy

Seacoast Shores OWnets Association
Shorewood Beach Owners

Sierra Club - Cape Code Groﬂp -
South Cape Beach Advocates '
The 300 Coxﬁ@ittee, In;:. .

. Town of Falmouth

Town of Mashpee'

Town of Sandwich

Trout Unlimited .

U.S. Army Corps of Engineers (COE)

U.S. Department of Agriculture (USDA) Soil
Conservation Service (SCS)

" U.S. Fish and Wildlife Service (USFWS)

U.S. Geological Survey
Wampaﬁoag Tribal Council

‘Wagquoit Bay National Estuarine Research Iieservc

"(WBNERR) '

v Waqudit Bay Watershed Citizens Action Committee

'(férme'd of representatives of other groups)

- Waquoit Bay Watershed Intermunicipél Committee

Wagquoit Bay Yacht Club
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APPENDIX E: ASSESSMENT OF AVAILABLE
o INFORMATION

‘A summary of the assessment of available information was provided in Section 2.1 of the Waquoit
Bay Problem Formulation. The following material describes in more detail the ecosystems at risk,
- reviews ecological effects that have been observed in the watershed, and provides a preliminary
characterization of stressors in the Waquoxt Bay watershed based on studies conducted in the
watershed and elsewhere

E. 1 Charactenzatlon of the Ecosystems at R1sk

The Waquort Bay watershed covers approxnnately 53 square ktlometers (21 square mrles) and
" spans parts of the towns of Falmouth, Mashpee, and Sandwich on the south coast of Cape -Cod,
Massachusetts. The watershed was first delineated by Babione (1990) and further refined by
Cambareri et al. (1992). Recent work by Brawley and Sham (in prep. ) reinterpreted the watershed -
delineation of Cambareri et al. (1992) to develop a three-dimensional model of the dramage basin. -
“The watershed covers 8 km (5 mi) from the head of the Bay to the regional ground water divide in
the vicinity of Snake Pond (Figure E-1).. The Bay and its tributaries encompass a total surface - -
~ water area of 3.9 km?/389 ha (1.5 mi?®). The major surface water components of the watershed
- include the Wagquoit estuary, two major rivers and several smaller streams, freshwater ponds, and
freshwater wetlands. Within the Waquoit Bay watershed are seven subwatersheds (Childs River,
. Sage Lot Pond, Quashnet River, Eel Pond, Head of the Bay, Hamblin Pond, and Jehu Pond) and - :
four ponds (Ashumet, Johns, Snake, and Flat). These subwatersheds provide diverse habitats that - - - IR
* support a variety of ecological communities, including barrier beaches along the Atlantic Ocean, o
eelgrass beds, saltwater and freshwater marshes, erosion and accretion areas, coastal sand dunes, )
brackish water ponds, fish spawning and nursery areas, and' wﬂdhfe habitat. '

E.l.1 Watershed—wide Characteristics

The Waquon Bay watershed lies entlrely w1tlun the Mashpee prtted outwash plam (LeBlanc et al.,
1986), a geologically young landform composed of glacial materials deposxted on top of bedrock
toward the ‘end of the Wisconsinian Glacial Stage, about 12,000 years before present (Oldale,

-1992). Outwash plains were created by broad meltwater streams which size-sorted the drift .
materials depositing the heavier boulders and pebbles near the glacial margin and gravel and sands -
further away. Because Cape Cod is so young geologically, the glacial materials have not been
significantly altered, resulting in a generally sandy, porous soil throughout the area. In additionto - '
gravel and sand, there are clay . and silt lenses; this finer grained material generally is found in '

“deeper sediments to the. south. - ,

’ The term "pitted "refers to the numerous kettle ponds dotting the landscape Kettle ponds mark the -
sites where blocks of ice were buried by sediment-laden meltwater streams beyond the glaelal

- margin. Johns Pond and Ashumet Pond are two examples of kettle: ponds in the watershed
(HAZWRAP, 1995) Wagquoit Bay, itself, may have originated as a kettle pond. The southern
margin of the bay was flooded by sea-level rise at the close of the Wisconsinan Glacial Stage, ‘when
the ice sheet retreated, inundating low lying coastal areas and raising the water table inland due to
hydrostatic pressure at the saltwater-freshwater interface. The action of winds, waves and currents
continually eroded and dlsplaced the loose glacral sand and gravel contrlbutmg to.the formation of .

BN
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coastal sand dunes, sea cliffs, barrler beaches and salt marshes. These processes continue to alter
the dynamic shore (Oldale, 1992) .

Waquoit Bay's geology controls the region's hydrology, which is typical of a glacial outwash plain.
The Bay, 1.2 km (4,000 ft) wide and 3.4 km (11,000 ft) long, is.a shallow estuary, average depth
of 0.9 m (3 ft), fed by freshwater streams and ground water with tidal exchange to Vineyard Sound
through two dredged and maintained channels, and a recent breach caused by overwash during
Hurricane Bob in August 1991 (Valiela et al., 1996). Fifty percent of the water entering Waquoit
Bay comes from the Quashnet and Childs Rivers, 23 percent from direct precipitation, and 27
percent from ground water recharge in the watershed. ' Ground water in the Cape Cod region is
generally formed by precipitation. Ground water recharges the area upgrade from the ponds and’
discharges from the downgradient portions of the ponds (Cambareri et al., 1992). The rivers.
derive most of their water from ground water dlscharge draining the shallow surface aqurfer
Ground water is forced to the surface as the permeable aqulfer thms from north to south in the
watershed. : :

The unconsolidated sediments of Cape Cod make ideal aquifers-underground areas that contain °
enough water to supply significant amounts of water for community use. The permeable aquifer
ranges from about 46 m (150 feet) thick near Snake Pond, thinning to 9 m (30 feet) near Waquoit
Bay (Garabedian et al., 1991; Cambareri et al., 1992). The porous soils support rapid percolation
“of rain, nutrients, and contaminants into the subsoil and eventually to the ground water. In Y
recognition of the unique ground water characteristics of Cape Cod, the U.S. Environmental
Protection Agency declared this region a Sole-Source Aquifer in 1982, a designation designed to
facilitate protection of the water supply. In actuality, the Cape Cod aquifer can be subdivided into -
six ground water "lenses” or areas of elevated ground water; surface features, such as rivers, '
separate the lenses and generally ground water does not flow between lenses. The Waquoit Bay
watershed lies within the Sagamore or westem Cape lens of the Cape Cod Aqurfer (Guswa and
LeBlanc, 1981).

The watershed's hydrology and habitats are influenced by its climate, which is similar to that of
other areas in the northeastern United States but typically has milder winters and cooler summers
due to surrounding ocean waters. January and February are the coldest months and July and
August are the warmest months. Fog may be common in the spring and summer and humidity is -
- typically high in the summer. Annual precipitation is between 107 and 112 cm (42 and 44 inches),
ground water recharge is approximately 45 percent of the total precipitation.. Snowfall is variable
from one year to the next but is close to 76 cm (30 inches) per year. Between October and Apnl
the prevailing winds are northwest whereas from May to September winds come from the
southwest. Hurricanes are most common in the late summer and early fall and "northeasters " may
occur in winter and early spring.

The surface water ecosystems in the lowlands and uplands of the Waquoit Bay watershed contain
several critical habitats identified by the Association for the Preservation of Cape Cod (VanLuven,
1991), including coastal plain pond shores, anadromous fish runs, salt marshes, eelgrass, barrier
beaches, and woodlands. Habitats in the watershed are also affected by the southward-flowing cold
Gulf of Maine waters and the northward-flowing warm Gulif Stream, which mix off the coast of
Cape Cod to form a biological transition zone between the Virginian (temperate) and Acadian
(boreal) biogeographic provinces (Ayvazian et al., 1992). This overlap produces more diverse
communities than occur, in either province. The Waquort Bay watershed also lies near the Atlantic
coast flyway, an important migratory corridor for many coastal and arctrc-nestmg birds,
pamcularly shorebirds, as well as state and federally protected species. The ﬂora of the watershed

DRAFT—June 13, 1996 . . T3




‘includé scrub-oak and pitch pine forests (Bailey, 1995); forests covered 2650 ha (6548 acres) of the -
rwatershed in 1990 (Appendix F). Among the state protected plant species found in the watershed
are the sandplain gerardia, Agalinis acuta (endangered); the bushy rockrose, Helzanthuemum '

- dumosum (threatened); the knotroot foxtail, Sezaria geniculata (of special concern); and the
butterfly-weed, Asclepias tuberosa, little ladies' tresses, Spiranthes tuberosa, eastern lilaeopsis,

~ Lilaeopsis chinensis, New England blazing star, Liatris borealis, thread-leaved sundew, Drosera:
filiformis, vetchling, Lathyrus palustris, and wild rice, Zizania aquatica, (on the watch list)

- (WBNERR, 1993). The following subsections describe in more detail the physmal characterlstlcs
and biota of each of the four ma_]or surface water components of the watershed. .

E.1.2 Waquort Estuary

Waquort Bay is located at the southern margin of the Watershed protected from Vmeyard Sound by
a barrier beach east of the main inlet to the Bay, South Cape Beach, and Washburn Island, a barrier
island to the west of the inlet (WBNERR, 1989). Water from the Sound enters the Bay through
.two channels and the overwash breach ‘mentioned above. Several brackish water ponds (Sage Lot,
Jehu, Hamblin, and Eel) connect to the Bay. Wagquoit Bay is relatively shallow and salt marshes
occur in some areas along the margins of the coastal ponds and tributaries (according to aerial
interpretations of land use); saltwater wetlands covered 129 ha (319 acres) in 1990 (Cape Cod
Commission, unpubhshed Appendix F). : Bottom habitats include areas of open sand and mud, ‘as
well as patches of eelgrass. ' »

Eelgrass (Zostera marzna) isa rooted vascular plant that grows subtldally on mud to gravel bottoms :

in zones of fast moving or quiet waters where salinity ranges between 20 and 32 parts per

thousand. Eelgrass roots and rhizomes are believed to decrease erosion and increase ,
‘sedimentation, and eelgrass blades may act to promote deposition by interrupting water flow and

trapping suspended sediments, thus, adding to the available food within the meadow (Short, 1984;

1989). Eelgrass is highly susceptible to adverse changes in water quality conditions and requu'es

clear waters with ample light penetration for photosynthesis and suitable levels of nitrogen and =~
. phosphorus nutrients (reviewed in Dennison, 1987; Zimmerman et al., 1991; ‘Murray etal., 1992;°

- Dennison et al., 1993; Submerged Aquatic Vegetation Work Group, 1995) Eelgrass. prov1des
optimum physxcal and chemical environmental conditions in a protective habitat for many fishes '
‘and invertebrates (Valiela et al., 1992; Heck et al., 1989; Thayer et al., 1989). -A variety of
bryozoans, sponges, and hydroxds attach to eelgrass blades; numerous Juvemle finfish, crustaceans,
and shellfish inhabit eelgrass meadows. Decaying eelgrass leaves provide food for the detritivores .
in the benthic community as well. Greater species richness and abundance has been found in
eelgrass beds than in adjacent unvegetated areas in Waqumt Bay and Nauset Marsh on Cape Cod
(Valiela et al., 1992; Heck et al., 1989) S . , .

The overlappmg bxogeographlc ranges are evident in the waters of the estuary with both year-
round residents and seasonal migrants in the finfish communities of Waquoit: Bay A 1968 survey
~ reported that Waquoit Bay had the greatest diversity of finfish species in comparison to mne other
. Massachusetts estuaries (Curley et al., 1971). The resident species include such species as

o mumrmchug (Fundulus heteroclitus), striped killifish (Fundulus majalis), tidewater silverside

(Menidia beryllina), fourspine stickleback (Apeltes quadracus), and rainwater kllhﬁsh (Lucanza

* ‘parva), Of the 52 species collected in Waquoit Bay, these resident species compnse 35 percent of

the total, with these species dominating the abundance (46 percent) and biomass (41. percent) of the

‘overall finfish community (Ayvazian et al., 1992) Table E-1 contams a list of fishes found in the -
_Waquoxt Bay watershed . : :
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The part-time residents represent a composite of estuarine spawners such as winter flounder
(Pleuronectes americanus), longhorn sculpin (Myoxocephalus octodecemspinosus), scup
(Stenotomus chrysops), and tautog (Tautoga onitis); marine species which are estuarine visitors,
such as the sand lance (Admodytes americanus), summer flounder (Paralichthys dentatus), and
American pollack (Pollachius virens); nursery species or young-of-the-year, such as winter
flounder juveniles, mullets (Mugil cephalus), juvenile tautogs, menhaden (Brevoortia tyrannys),
Atlantic silversides (Menidia menidia), bluefish (Pomatomus saltatrix), and bay anchovy (Anchoa
mitchilli); and adventitious species which have a more southern distributions but which lack an
apparent estuarine dependence, such as ladyfish (Elops saurus), halfbeak (Hemiramphus
brasiliensis), and crevalle jack (Caranx hippos).. Alewives (Alosa pseudoharengus) and blueback
herring (Alosa aesivalis) cross Waquoit Bay on their annual spawning' migrations to fresh water,’
and larger fish such as bluefish and striped bass (Morone saxitalis) enter in pursuit of smaller prey
fish. Many primarily marine fishes use the estuary in the winter as a spawning and nursery
ground. Bluefish, tomcod (Microgadus tomcod), white hake (Urophyczs tenuis), and pollock
inhabit the bay as juveniles but are rarely present as adults (Boesch and Turner, 1984).

Shellfish species harvested in the estuary include bay scallops (Argopecten irradians irradians),.
found in the eelgrass habitat, and hardshell (Mercenaria mercenaria) and softshell (Mya arenaria)
clams, generally found in the sand and mud- habitats, respectively. The biota of the estuary also .
includes a variety of temperate and boreal species of planktonic and benthic algae and
invertebrates, .providing food resources for the finfish and shellfish, as well as terrestrial and avian
wildlife in the watershed ~

Numerous shorebirds use the bamer beach and coastal saltmarsh as an nnportant stopover on therr
spring journeys north to breeding grounds in Canada and on their fall journeys south to the
southern United States, Central and South America. Shorebirds appearing in abundance in the ,
spring and fall on Waquoit Bay's barrier beaches include black-bellied (Squatarola squatarola) and
semipalmated (Charadrius semipalmatus) plovers; sanderlings (Crocethia alba); duniin (Calidris
alpina); semipalmated (Ereunetes pusillus), least (Pisobia fusicollis), and western sandpipers
(Pisobia minutilla); raddy turnstones (Arenaria interpres); willets (Catoptrophorus sermpalmatus),
lesser (Totanus flavipes) and greater (Totanus melanoleucus) yellowlegs; and short-billed
dowitchers (Limnodromus griseus). - Sharp-tailed sparrows (Ammodramus cudacutus), black-
crowned night-herons (Nycticorax nycticorax), snowy egrets (Leucophoyx thula), and mute swans
(Cygnus olor) are found in the saltmarshes. Several species of birds that use the waters as nestmg
or feeding grounds are state and federally protected species.

The piping plover (Charadrius melodus), listed as threatened, and the least tern (Sterna antillarum),
listed as being of special concern, nest on South Cape Beach and Washburn Island. The roseate
tern (Sterna dougalli), a species listed as endangered forages in the water and rests on the beach
proper (WBNERR, 1993; 1995)..

. DRAFT—June 13, 1996 ’ A T . 15




1

Table E-1. Fishes of the Waquoit Bay Watershed
Sources A= Ayvazmn et al. (1992) C= Curley et al. (1971), H Hurley (1990 1992)

}
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Genﬁsl Species Common-l}fame SR Réferenc'e'- | GenusiSpecies« =" " CommonName S Reference
| " Estuarine Residents -

: Opsénus tau oyster toadfish _ ‘A,C Gasterosteus aculeatus vthreespine. stickleiwac'k AC

Fundulus heteroclitus |- mummichog ACH Gasterosteus blackspotted I AC -
, ' ‘ : ' wheatlandi - i stickleback -
Fundulus majalis striped killifish A,C | | Syngnathus fuscus - | northern pipéﬂsh Gn | . AC ‘
' ' - eelgrass)
Cyprinodon variégatus| sheepshead minnow AC  |Menticirthis saxatitis |northem kingfish . | A,C
Lui:z_znia parvéz rainwater killiﬁsh , AC Gobiosoma bosci naked goby ' A
Menidia beryllina | inland silverside A |Pnolis gumelius  |rock gunnel AC
Menidia pem‘nsxdae tidewater silverside c Myoxocéphalus 1 gmby._ : " AC
Pungitius pungitius ninespine‘sticklebac':-!{ - AC Trinectes masculatus- ‘hdgchoker‘ AC -
Apeltes quadracus - fo{lrspine tickléback ‘ ACH- Sphoerbides maculatus northern puffer AC .
. Estuarine Nursery .
Clupea harengus Atlantic herring A | Pomatomus saltatrix l bluefish N AC 1
Brevoortia tyrannus . Atlantic niénhaden A,C , | Tauwtoga onitis : taﬁtog A . 1 "A.C ‘
Anchoa mitchelli | bay anchovy A | Tautogolabrus cunner | AC.
: ‘ 1 adspersus ‘ :
Microgadus tomcod Atlantic tomcod - . ‘AC Mugil cephalus ’ s,tl"iped ﬁlullet AC
Strongylura-marina | Atlantic needlefish AC Pleuronectes winter flounder - AC
- americanus o
Menidia menidia Atlantic silverside AC Urophycis tenuis white hake - C .
_ thromt;us (aiiadromoi:s and catald'rému‘s)‘ ‘ ‘
Ahguii[a rostrata | American eél - 'AGH_ |Alosa sapidissima American shad A
Alosa qésﬁv&lis blueback herring AC Asmerus mordax rainbow smelt ° C
Alosa éseudaharelngus alewife’ "AC |
Wagquoit Bay Watershed Ecological Risk Assessment




Table E-1. Fishes of the Waquoit Bay Watershed (continued).

Sources: A = Ayvazian et al. (1992); C .= Curley et al (1971); H = Hurley (1990 1992)

Genus/ Species Commori Name - . |Reference | Gemus/Species =~ . ‘Coni;honv Name Reference
Marine, Seasonal Visitors as Adults
Anchoa hepsetus striped anchovy A Prionotus carolinus northern searobin’ ‘A, C
Pollachius virens pollock A C Prionotus evolans striped searobin AC
Morone saxatilis striped bass AC Myoxocephalus longhorn sculpin C
octodecemspinosus .

| Centropristis striata | black sea bass A, C | Paralichthys dentatus | summer flounder AC
Stenotomus chrysops | scup AC Scophthalmus aquosus window;iane A
Mugil curema white muliet A . Limanda ferruginea yellowtail ﬂoimder v A
Amm?dytes‘ American sandlance AC :
americanus ]

Freshwater, Sometimes in Brackish Water
Fundulus diaphanus | banded killifish A, C Etheostoma olmstedi’ tesselated darter H
Fundulus confluentus | marsh killifish A | Satvelinus fontinalis | “sea run” eastern CH
. brook trout
Morone americana white perch A, C | Salmo trutta brown trout H
Notemigonus golden shiner. C.H S Jontinalis x S. trurra| tiger trout (hybrid) H
crysoleucas . - : '
Notropis bifrenatus bridle shiner A Ameiurus nebulosus | brown bullthead H
Notropis heterolepis | blacknose shiner A Lepomis gibbosus pumpkinseed H-
Ca!osmnws. white sucker CH . Micropteru.s' salmoides | largemouth bass H
commersoni :
" Adventitious Visitors _
Elops saurus lady fish A | Hyperoglyphe barrelfish A
perciformis

Caranx hippos crevalle jack A | Gadus morhua Atlantic cod
Hemiramphus ballyhoo A Cyclopterus lumpus | lumpfish
brasiliensis. : .
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’ ',E 1.3 Coastal Plam Rwers ‘
VCoastal plam rivers also provrde an unportant source of water for upland specres and are prlme
‘habitat for fishes, turtles, ducks, and geese. Forests of scrub oak and pitch pine are frequently
encountered in the surrounding soils, which are mostly consolidated sand dunes. The largest and
cleanest contributor of fresh water to Waqumt Bay is the Quashnet River (also called the Moonak1s C
River in Falmouth), which had an average streamflow of 391 L/sec (13.8 cubic ft/sec).or 8.9
million gallons per day from 1988 to 1991 (Barlow .and Hess, 1993). The Quashnet originates ina .
spring-fed cedar swamp at the top of John's Pond. Outflow from Johns Pond to the Quashnet can
be regulated by a gate-controlled spillway. From the pond, the river enters cranberry bogs, flows
east for 0.6 km (0.4 mi) then ﬂows south for 5.6 km (3.5 miles) (Baevsky 1991), ﬁnally emptymg
'mto Waquort Bay.-

: Besides provxdlng a source of fresh water to Waquort Bay, the Childs and Quashnet Rivers provrde
a relatively rare and shrinking habitat for several anadromous and catadromous finfish species
" (Baevsky, 1991). Brown trout (Salmo trutta), brook trout (Salvelinus fontinalis), alewife (Alosa
aestivalis), white perch (Morone americana) use these rivers as a conduit for spawning grounds .-
¢ither within the rivers themselves or within John's Pond (McLamey, 1988; S.T. Hurley, 1994,
Massachusetts Divsion of Fisheries and Wildlife, pers. comm.). American eels (Anguilla rostrata)
use these rivers as a conduit for spawning: grounds in the open sea.” These species require very
" specific ranges of certain water quality parameters (temperature, pH, dissolved oxygen, salinity)
which may vary over the stages of egg, larval and juvenile development (Hunter, 1991). Under the
care of the Northeast Chapter of Trout Unlimited, ecological integrity and stability in the Quashnet
have recently improved significantly. The river now hosts a 1.6 km- (1 mi-) long trout spawning
- reach 3.5 to 5.3 km (2.2 t0 3.3 mi) downstream from the spillway. The upper Quashnet River
receives constant temperature groundwater discharge through the sand and gravel bottom (USGS, E
- 1991), which keeps river temperatures moderate, from 10 °C to 17.9 °C (50 °F to 64 °F) inthe ==
spawning reach (Baevsky, 1991). Blueback herring, strtped bass, and whlte sucker (Catastomus
;.commersom') are also commonly found in this stream

The charactensttcs of the high volume of ground water mputs into the Quashnet vaer srgmﬁcantly

. influence the water quality parameters of the river.. At present, the waters seeping into the .
Quashnet are fairly pristine, with a dissolved oxygen content of 9.3 to 12.6 mg/L, (well above the
‘minimum requirements for the most sensitive brook trout), pH between 6.0 and 6.4- (too low for the
Class B requirements), and a nearly constant temperature of 14 °C (57 °F) resulting from '
groundwater seepage (Baevsky, 1991). For example, the temperature remained between 10 °C and -
17.9 °C+(50 °F and 64 °F) in the spawning reach during 1988 (Baevsky, 1991). In that same year,

" the temperature entering the river from John's Pond was 26.3 °C (79 °F). The inputs from ground .

- water are also crucial to mamtaxmng sufﬁclent volume in the river for fish to move upstream

The good water quahty of the Quashnet River also provides habrtat for a variety of
macroinvertebrates which serve as a food source for the finfish communities (Pennak 1989) As
part of Trout Unlimited's restoration project, macroinvertebrate species were reintroduced to the
Quashnet from other freshwater streams. A survey done in 1982-1983 found species representmg
the Trichoptera (caddisfly), Diptera (true flies), Lepidoptera (butterflies and moths), . _
Ephemeroptera (mayflies), and Plecoptera (stoneflies) orders (Wright, 1987). Stoneflies, and to
some extent mayflies and caddisflies, are good indicators of healthy water quahty as they requlre

. farrly hlgh levels of dissolved oxygen : o
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E14 ' Freshwater Ponds

Ashumet Pond and Johns Pond are coastal plain kettle hole ponds located within the Waquéit Bay.
watershed, north of the bay itself. There are no surface outlets discharging from Ashumet Pond.
Ground water recharge occurs in the upgradient area and the pond recharges the ground water on
the downgradidnt side of the aquifer. Johns Pond connects to the Quashnet River by a surface
outlet at a gate-controlled spillway. This spillway can draw down the level of Johns Pond to 1.2 m
(4 ft) below it average elevation. Ashumet Pond covers 82 ha (203 acres), with an average depth
of 7 m (23 ft) and maximum of depth of 20 m (66 ft); Johns Pond covers 131 ha (324 acres), with
an average depth of 5.9 m (19 ft) and maximum depth of 19.m (62 ft) (Duernng and Rojko, 1984a
1984b). _ .

Fish populations including largemouth (Micropterus salmoides) and smallmouth (Micropterus

dolomeiui) bass, trout , and brown bullhead catfish (Ameiurus nebulosus) reside within Ashumet

Pond and similar fishes have been recorded in Johns Pond. Freshwater mussels are also abundant

in the ponds. A high diversity of phytoplankton is present in the photic zone, but limited vegetative

growth on the shorelines has been documented (HAZWRAP, 1994, 1995). Within the vicinity of

the ponds, several species have been designated as having special concern or threatened status,

including the sandplain flax, the marsh hawk, and the grasshopper, sparrow .. The upland sandpiper -
is listed as a state endangered species. o E

E.1.5 Freshwater Wetlands

The freshwater wetlands of the Waquoit Bay watershed covered approximately 83 hectares in 1990.
(Appendix F) and support many wetland plant and animal species. Important freshwater wetlands
include the Ashumet and Johns Ponds shorelines. Waterfowl are dependent upon these wetlands
for breeding, foraging and migratory needs. These habitats provide a valuable refuge for many
types of wildlife, including the osprey (Pandion haliaetus) which forages for fish in freshwater

-areas. Many upland wildlife species are seasonally dependent on wetlands, including song and
game birds, opossum (Didelphis virginiana), raccoon (Procyon lotor lotor), and whlte-talled deer
(Odocoileus vzrgzmanus)

E.2 Ecological Effects

The waters of Waqumt Bay and assocnated freshwater ponds are exhibiting sxgns of water quahty
degradation.and the diversity and abundances of key aquatic species have changed, notably during
the last 30 years. In the Bay, increased phytoplankton populations have decreased water clarity and
the amount of light penetrating the water. Extensive mats of macroalgae consisting mainly of the
species Cladophora vagabunda and Gracilaria tikvahiae, which was unknown in the bay in 1969 ‘
(Curley et al., 1971), cover most of the bay (Valiela et al., 1992). The extent of eelgrass habitat :
has declined, from approximately 81 ha (200 acres) in 1950 to only 16 ha (40 acres) in 1987 (Costa
et al., 1992). Eelgrass is now restricted to fragmented beds near the mouth of the bay and the tidal
inlet near the mouth of the Eel River adjacent to Washburn Island, to the small salt pond and salt
marshes of Washburn Island, and to small patches in Hamblin Pond, Jehu Pond, and Sage Lot Pond
(Figure E-1). Physical destruction of eelgrass and saltmarsh has also occurred.
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‘ Water clanty has also ‘been reduced by mcreased sediment pamculates released’ mto the Bay,
rivers, and ponds. Settling of unconsolidated particulates has adversely affected nursery and
spawning habitats for fishes, as well as benthic invettebrate communities.

- Alterations in the composition of specles depende,ntl onv"the" eelgrass’ for nursery or adult habitat have
occurred, with declining abundance of commercially important finfish, such as flounder, pollack,

and hake, and shelifish, particularly the scallops. In July 1987, 1988, and 1990, fish kills occurred

in Waquoit Bay and the northern beach was covered with thousands of dead winter flounder,

* shrimp, blue crabs, and other estuarine species (Sloan, 1992; D' Avanzo and Kremer, 1994).
Anoxic conditions in the Quashnet could constitute a barrier to sea-run brook trout. (McLarney,
1988) Phytoplankton blooms in Ashumet and Johns Ponds have changed the color of the watet

and depleted oxygen levels in the hypohmmon of the pond; ﬁsh kills occurred in Ashumet Pond in

July 1985 and May 1986 (HAZWRAP 1995)

- Recent changes and reducnons m stream flow have affected herring runs and trout streams (Barlow

~and Hess, 1993). These species require certain quantities and depths of water; for example,

alewives that must travel to Johns Pond to spawn need sufficient water
depth to traverse the bogs near the pond and years of low water table levels or reduced flow have
. limited their success.

E.3 Sources and Stressors

~ Seven physrcal chemical, and blologlcal stressors in the Waquort Bay watershed were 1dennﬁed
during discussions with the risk management team and the public. The sources of stressors include
human activities within and outside of the watershed. Each stressor was characterized on the basis

~of its type, mode of action, and general ecological effects that might result from exposure to the
stressor. In addition, information on the mtensxty, frequency, duratlon, timing, and spatial

heterogeneity and éxtent (scale) were reviewed for each stressor in the watershed, if avallable The

susceptibility of the ecosystems to the stressors was also examined.
E3.- Sources of Stressors

: Anthropogemc stressors in the Waquort Bay watershed are the result of changmg land use patterns
. along the coastal and upland areas (Appendix F). Land use maps produced by the Cape Cod
Comrmssxon and by the LMER group identify land use with respect to commercial, cleared land .
~and recreanon, residential, agricultural, forest, wetland, mining, waste dlsposal and transportatron
These maps. also depict changing land use patterns with time. For example, in 1950 2% of the
watershed was residential; in 1990 20% was considered residential (Sham et al., 1995). Land use
in the watershed is primarily residential, partlcularly along the Childs River (McDonnell etal.,
1994). In 1938, 785 houses had been built in the watershed, but more than 8000 residences were

counted in the watershed by 1984 Around Waquoit Bay alone the human population has increased ‘

approximately fifteen-fold in the past 50 years, from 400 houses in 1950 to over 4000 houses in
1990 (Sham et al., 1995). More than 3000 additional single-family homes could be constructed in
the watershed W aquort Bay Watershed szen Action Comrmttee, 1992). o

- Cranberry bogs the major agrlcultural land use, have declined over the past century; today there
are less than 350 acres of bogs. Cranberry bogs, golf courses and cropland comprise 1.2 percent,
1.2 percent, and 2.0 percent of land use, respectively, in the watershed (Appendix F). The .

,

Massachusetts M111tary Reservatton (MMR) in the northern portton of the watershed (Flgure E-3)is
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of special concern due to the contaminant plumes erhanatmg from ten separate point sources; this
installation is the closest to an industrial or commercial land use classxﬁcatxon in the watershed
(HAZWRAP, 1995). K

Although the Quashnet River has been recognized by some as an extremely valuable resource,
development pressure continues to build in the surrounding towns of Mashpee and Falmouth and
with it the search for additional sources of drinking water. To restrict one proposed housing
development, the Commonwealth of Massachusetts purchased 146 ha (361 acres) of land along

the river, thereby limiting this housing development to 185 units without river frontage (Baevsky,
1991). Ashumet and Johns Ponds also face potential susceptibility to development pressure. The
watershed is particularly susceptible to buildup of nutrients and chemical pollutants because of the
porous soils of the watershed and the limited flushing of waters from the ponds and the Bay (from a
few months to over 30 years). Development in the watershed has also increased human activitiés in
and on the surface waters, particularly in the ponds and bay. Stressors associated with atmospheric
deposition might also contribute to those already present from the various land and marine uses.

Residential Development. Activities in the watershed associated with residential land use that
‘might add to nutrient-loading within the ecosystem include on-site septic systems; fertilizer use¢ on
lawns, golf courses, and gardens; and housing and road construction with the attendarit increase of
impervious surfaces (Valiela and Costa, 1988). Each of the 8000 homes in the watershed has an
on-site wastewater disposal (septic) system that contributes nitrogen to ground water which travels
to Waquoit Bay. Wastewater is a larger contributor of nitrogen to the estuary than is atmospheric -
deposition or fertilizers (Valiela et al., 1996). ' Fertilizer inputs to Waquoit Bay are primarily from
residential lawn applications. Shellfish beds are frequently closed at the mouth of the Quashnet
River to protect consumers from potential exposure to human pathogens that are not trapped by
septic systems or soil and reach the bay. Pesticide applications on golf courses, cranberry bogs,
and lawns add toxic chemicals. Private and municipal well development alters ground water flow '
regimes. Housing and road construction also are sources of sediments as construction uproots
vegetation and roads and drivéways increase impervious surface cover. Qil hydrocarbons and
other chemicals can accumulate on impervious surfaces like parkmg lots and roads and be washed
off by rain to enter ground and surface waters. : : —

Industrial Uses. MMR, composed of Camp Edwards and Otis ‘Air Base, is located on the upper
western portion of Cape Cod and covers 8903 ha (22,000 acres). Past industrial and military
activities at MMR have mobilized chlorinated solvents and fuel constituents forming plumes of
contaminated ground water. MMR was added to the National Priorities List (NPL) on November
21, 1989 (HAZWRAP, 1995). Sewage treatment facilities at MMR and increased runoff from
impervious surfaces add nutrients; well development might have altered ground water flow (Barlow
and Hess, 1993). Ashumet Pond is receiving its greatest input of phosphorous from the MMR
sewage treatment plant (STP). If phosphorous levels continue to remain as predicted over the next
ten years, Ashumet Pond will become eutrophic. Freshwater ponds could also be affected by other
contammants associated with MMR (HAZWRAP, 1995)

Agricultural Activities. Agricultural practices are sources of nutrients via fertilizer application and

runoff from animal wastes. Other agricultural activities that affect.the ecosystem are the addition - L
of pesticides or herbicides, which can be toxic to aquatic life and water-dependent wildlife, and the ‘
construction and use of flow control structures at'Johns Pond for irrigating the cranberry bogs -

along the Quashnet River, which can alter flow patterns, change the quantities of surface water in

the ponds and streams, and add to sediment-loading. Migration of pesticide and other chemical
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constituents from an abandoned cranberry bog in the watershed could also contrrbute chermcals to

) f surface and ground waters (HAZWRAP, 1995)
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. Aquatic Activities. Water-based activities also are sources of Stressors to the estuarine and

" freshwater ecosystems (W aquoit Bay Watershed Citizen Action Committee, 1992; HAZWRAP;
1995; WBNERR, 1995). These activities include recreational boating, which is a source of
nutrients and human pathogens from on-board septic systems and toxic chemicals from leaching of
antifouling paint chemicals from boat hulls and spills of fuel and other discharges from marinas;
construction of docks and piers using lumber treated with heavy metals and other wood
preservatives or antifouling compounds, which can introduce toxic chemicals to the estuary (Figure
E-4); waterway maintenance, including dredging and shoreline modification, which adds
resuspended sediments; shellfishing in the estuary, which damages eelgrass habitat, resuspends
sediments, and contributes to harvest pressure; recreational fishing in the estuarine, riverine and .
pond environments, which contributes to harvest pressure; and swimming in the Bay and Ashumet
and Johns Ponds, which can disrupt benthic communities and resuspend sediménts. More than =~
2100 boats greater than 6.1 m (20 ft) in length are estimated to use the Bay and rivers (Waquoit
Bay Watershed Citizen Action Committee, 1992), with.an unknown number of smaller vessels ‘
using the estuary and Ashumet and Johns Ponds.

Activities Outside of the Watershed. Several land and water use activities are not local or can
interact with local sources of stress. Armoring of the coast outside of the watershed changes
sediment deposition patterns along the barrier beaches of Waquoit Bay. Offshore fishing depletes
the stocks of commercially valuable species such as winter and summer flounder, pollack, striped
bass and bluefish. Wetand dry atmospheric deposition of nutrients and toxics can have sources
within and outside of the boundaries of the watershed. Automobiles, lawn mowers, and motor
boats generate NOx's locally. These atmospheric gases also originate in coal-fired plants hundreds
of miles from the watershed. Nitrogen-containing atmospheric deposition adds nutrients to the
watershed (Valiela and Costa, 1988). Other toxic chemicals and metals can be adsorbed to
particulates from coal-fired plants, incinerators, and automobile exhaust fumes, settling in the
watershed. Mercury is a toxic chemical that also originates outside the watershed but is deposited
in the watershed where it can be methylated and accumulate in tissues of fishes and piscivorous
“wildlife (reviewed in Facemu'e, 1995 Fltzgerald 1995; Hurley, 1995; and Wemer 1995;
HAZWRAP, 1995).

E.3.2 Stressor Characteristics |

Altered flow, sediment, physical destruction, nutrients, toxic chemicals, éelgrass'dlseasé and
fisheries harvesting were identified as the major stressors affectmg the ecologxcal resources of
. Waquoit Bay watershed. A

Altered Flow (R:verme) Hydrologic modification is a physical stressor that results in altered
stream flow patterns and reductions in the quantity of fresh water in surface waters. Anadromous

. and catadromous finfishes need sufficient water depth to traverse the shallow Waquoit estuary and
streams; sufficient fresh water is needed to sustain certain estuarine species'that require reduced - -
salinities and prevent saltwater incursions in the ground water (Day et al., 1989; Milham and
Howes, 1994). Changes in the hydrology of the Waquoit Bay watershed can be sporadic,

dependmg on precipitation patterns, especially the number and intensity of hurricanes or
northeasters versus periods of drought, as well as seasonal requirements for. irrigation of cultivated
crops. Long-term reductions in ground water occur from mumcxpal wells that supply drmkmg
water to the residents from the western lens of the Cape Cod Aquifer.

s

DRAFT—June.13, 1996 . o 85




" Dock counts . |
1993

Figuré E-4. Dock Counts in Waquoit Estuary in 1993 (Data from R. Crawford, WBNERR).

Around the turn of the century, cranberry bogs were developed along the upper Quashnet River
and water flowing out of Johns Pond was controlled to provide water to the bogs as needed,

" particularly in the fall for harvesting the cranberries.  This land use altered the flow volume,
velocity, and path of the river resulting in loss of spawning habitat for anadromous fish specm
Cra.nberry bogs are often flooded in winter to prevent freezing and the water is then released in the "
spring. While the' spring release might counteract the effect of groundwater withdrawals, the -
harvest flood waters are often released during the time of autumn spawning for trout (USGS,

1991). An extensive effort by Trout Unlimited and the Massachusetts Department of Fisheries and
Wildlife has restored major sections of the trout habitat, although some species have not been

" restored. Alewives and blueback herring that swim to Johns Pond to spawn also need sufficient

~‘water depth to traverse the bogs near the pond. _Cranberry cultlvatlon could be i mcreasmg atthe -
- headwaters of the Quashnet in the near future. : o

In addition,' the Quashnet and the ground water that feeds it are currently under pressure from

" urban development (Barlow and Hess, 1993). Plans to develop a community drinking water well

- could further alter flows and affect the ground water system (Barlow and Hess, 1993), mcludmg
thermoregulanon of the temperature of spawning beds in the rivers, which protect the eggs of some
. fish species. Longitudinal, lateral, a.nd vertical changes in salinity patterns in the upper bay could
have affected the distribution of some estuarine fauna and flora (e.g., Schroeder, 1978; Welsh et
al., 1978; Day et al., 1989). Dredging activity in the channels leading into Waquoxt Bay changes
water flow patterns and flushing rates between Waquoit Bay and Eel Pond, as well as the smaller
ponds (Aubrey et al., 1993). Changes in current patterns can lead to shoaling near the inlets to the
bay, primarily from ﬂood deltas and secondarily from ebb deltas, that i in turn affect current patterns
(Geyer and Signell, 1992; Fltzgerald 1993). :
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Sediment. Temgenous and biogenic particles accumulating in dquatic ecosystems from land
runoff, erosion, and biological productmty are another physical stressor. Sediment can be easily
disturbed by currents, wave action, or organism movements, suspending particles in the water
column. The particle load is referred to as turbidity, which decreases light penetration through the
water, and the fine particulates can interfere withi feeding and respiration in benthic and pelagic
aquatic organisms and feeding in visual predators. Particles can remain in suspension as long as
the velocity of the water is sufficient to counteract gravitational forces. As water velocity
decreases, sediment particles settle, with heavier particles settling first; for example, swift flowing
streams can carry a higher sediment load that is then deposited when the stream empties into a
slower-flowing river or bay. Thus, fine-grained sediments are more likely to remain in suspension
longer, resulting in increased turbidity. When the particles settle to the bottom, deposition on
surfaces of sedentary plants and animals, as well as the bottom, can cover organisms that might -
have a ‘difficult time removing the particles and alter habitat features, for example changing gravel
bottom to mud (NRC, 1992). : E

Changes in sediment loading and deposition in the watershed occur frequén'tly, in concert with
changes in precipitation, surface water volumes, wind- or water-driven current patterns, and
construction or other human activities. Acute changes in sedimentation can occur after catastrophic
natural storms such as hurricanes (Hayes, 1978) and after dredging or construction activities;
chronic increases in sedimentation result as sediments are resuspended by currents in shallow areas.
Swimming and burrowing activities of aquatic organisms can also influence sediment deposition -
and resuspension (e.g., Yingst and Rhoads, 1978). Resuspended sedrments can reintroduce
adsorbed nutrients and toxics to the water column.

The quantity of sediment entermg the surface waters of Waquoit Bay watershed from runoff and
rivers is unknown. Runoff is not thought to be a problem, since water readily percolates through ,
the sandy soil. Reductions in streambed permeability might occur if fine-grained sediments depos1t :
in spawning areas of the rivers (Baevsky, 1991), limiting gas exchange from the eggs with the '
surrounding water. Increased turbidity from suspended and resuspended sediments has réduced

light levels needed for photosynthesis by eelgrass in Waquoit Bay, although eelgrass could grow,
slowly, at 10 percent of surface light intensity (Short et al., 1989; Giesen et al., 1990). Sediment
particles also increase the potential stress on eelgrass because eplphytes growing on eelgrass blades
are good depositional surfaces for suspended sediments (Horne et al., 1994). Suspended sediments
might also weight down the eelgrass blades causing them to sink to the bottom: where they can die
from insufficient light or suffocation (Kemp et al., 1993; Short, 1989)

Protecting the coast from erosion by building of jetties and groms has several effects on estuarine
habitats. Jetties and groins alter regional sand and other sediment transport and sedimentation
patterns (WBNERR, 1995). These alterations can have a negative impact on barrier beaches, salt
marshes, and eelgrass beds, all habitats for estuarine or. water-dependent wildlife. Shoaling near
inlets to the bay has occurred from dredging, also changing sedimentation patterns (Fitzgerald,

- 1993). These activities might also adversely affect eelgrass beds in lower Waquoit Bay.

Loss of eelgrass, in turn, also can change sediment depositional patterns since eelgrass beds
enhance sediment deposition (Short, 1984; 1989). The distribution and abundance of many benthic’
_ organisms can be adversely affected by sediment deposition. For example, softshells or steamers
grow best in fine muddy sediments, but they are more susceptible to predation in these habitats
(Funderburk et al., 1991). Siphon-clogging problems might occur in mud substrata which can
offset rapid growth rates in these sediments (Emerson et al., 1988). Hard clams or quahogs grow
best in sandy sediments, since higher water currents provrde more food to these suspensron feeding
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~ organisms (Rice and Pechemk 1992) Juvenile quahogs lack extensrble sxphons and attach to sand
grains with byssal threads to permit them to feed at the sediment surface. Despite this affinity for,
sandy to muddy sand sediments, adult quahogs are found in a variety of sediment types, with
gravely sediments providing protectton from predators. The thick shell, lack of shell gaping, and
benthic. burrowing limit the predation on these clams. It is-not known whether changes in the
- composition of the substratum have altered community structure to increase- shellﬁsh predation.

Physical Destructwn Dxrect and indirect alteratton of habltat structure is a physical stressor that
results in changes to the physical, chemical, and biological conditions that support the survival,
growth, and reproduction of different species of plants and animals in a community. In additionto .
hydrologic modification, changes in current and flow patterns, and increased sedimentation, several
other mechanisms can alter the estuarine habitat 'in the Waquoit Bay watershed, w1th subsequent -
effects on the organisms (Day et al., 1989). These activities occur sporadically; the changes in -
conditions brought about by physxcal destruction can be short- or long-term, but restoration of the
' habltat to its structure and functton pnor to destruction mlght be unposs1ble (NRC 1992).

Shadmg by docks bl.lllt from shore into the estuary, partlcularly in Great River, a tnbutary of -
Waguoit Bay, decreases light penetration, adversely affecting eelgrass (Burdick and Short, 1995).
‘This is not considered a major stressor on eelgrass or other aquatic life in Waquoit Bay, however,
since the area covered by docks is small-less than 1 percent of the surface water area in Waquoit

Bay, its tributaries, and ponds (WBNERR, 1995). Mechanical disruption from clam digging, boat
props, and moorings-can cut eelgrass blades or uproot eelgrass plants resulting in death of eelgrass '
itself. Habitat fragmentation from these activities affects organisms that reside.in eelgrass

. meadows. On land, construction of roads near the estuary can stop the landward progressxon of

salt marshes with deleterious effects on mhabltants .

Nutnents Nearshore waters worldwide are recelvmg mcreased releases of nutrients, partlcularly
nitrogen, from coastal watersheds (e.g., Nixon et al., 1986; Valiela et al., 1990; USEPA, 1994).
Eutrophication, especially nitrogen enrichment in estuarine ecosystems and phosphorus enrichment
in freshwater ecosystems, has been implicated as a major cause of phytoplankton and nuisance
macroalgal blooms (Day et al., 1989; Batiuk et al., 1992; NALMS, 1992). Inorgani¢ nitrogen and
phosphorus, primarily in the form of nitrate and phosphate are essential for the growth of .
photosynthetic algae and plants, in addition to  inorganic carbon, silicon, and other compounds
,(rev1ewed in Goldman, 1974, and Day et al., 1989). In the aquatic environment, nitrogen is
converted to various forms through complex biogeochemical cycles that reduce or oxidize the
elements or transform organic compounds to inorganic states, including decomposition and.

, excretlon (of organic forms, ammonium, and phosphate), bacterially-mediated nitrogen fixation
(reductlon of inorganic mtrogen to.ammonium), nitrification (ox1dat10n of ammonium to mtrate),
and denitrification (conversion of nitrate to nitrogen gas by anaerobic processes) Phosphorus is
cycled through dissolved inorganic phosphorus particulate arganic phosphorus and dissolved
organic phosphorus states involving plants and complexation with metals in sediments. Plants'
assimilate nutrients and produce biomass by various biochemical reactions during photosynthesis |
and these reactions are dnven by the quantities of nutrients available until they are saturated;
usually the concentration of one or more nutritional substances is less than its saturation level,
limiting photosynthesis and plant growth. ‘Day et al. (1989) noted that aquatic plants have adapted
to the average nutrient concentrations to whlch they have been exposed

As noted above -the sources, pathways and fate of anthropogenic nitrogen are related' to land use
patterns and in part to local and regional geology. Much of the nitrogen is believed to be -
: attenuated durmg passage through the Waquoxt Bay watershed via volatlhzatlon uptake by flora -
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and fauna, adsorption, and denitrification (see Rhodes et al., 1985; Nixon and Lee, 1986; )
Seitzinger, 1988; Reddy et al., 1989; WBNERR, 1993). The porous, sandy soils of this watershed
promote rapid percolation of precipitation with the result that there is little run-off from surface
sediments (Strahler, 1968; Valiela et al., 1990; Oldale, 1992). Thus, nitrogen, added either by .
precipitation or dry deposition, rapidly enters the ground water and can travel to Waquoit Bay
(Figure E-5). In a like manner, septic system and fertilizer additions of nitrogen and phosphorus
also penetrate the soil and make their way to the ground water and to Wagquoit Bay (Valiela et al.,.
1996). Microbial decomposition of biogenic material and direct excretion by animals into the
ponds, rivers, and estuary are biological sources of nutrients. These processes interact with
chemical processes occurring in the water column and sedimetns related to oxidation and reduction
of the nutrients to increase or decrease the quantities and forms of nutrients avallable in the
Wagquoit Bay watershed (HAZWRAP 1995).

Ground water concentrations of nitrogen are higher in more developed areas on Cape Cod than in
less developed areas (Figure E-6) (Persky, 1986). In the Wagquoit Bay complex, subwatersheds can
be identified which have experienced different rates of nutrient loading due to different patterns of
land use. Ground water concentrations of nitrogen are higher in the more developed than in the :
less developed subwatersheds (Table E-2) (Valiela et al., 1992; Rudy et al., 1994). Different ratios
of dissolved. organic nitrogen (DON) to dissolved inorganic nitrogen (DIN) were found in the ‘
ground water of the Waquoit Bay watershed, with the most urbanized subwatershed, the Childs
RIVCI‘ having a ratio of 1:2, and the least urbanized, Sage Lot Pond, havmg a ratio of 7:1 (Rudy et

, 1994). DON also appears to.be influenced by the presence of salt marsh, creating anoxic -
ground water and increasing the accumulation of DON. Ground water travels at the rate of 13 feet :
per day in the watershed. Houses built very close to the shore have the greatest impact on nitrogen
loading to the bay. Year-built data and proximity to shore data show that nearshore areas were -
developed first and are the most densely developed (Sham et al., 1995). :

Table E-2. Nitrogen Levels in Groundwater of the Childs River Subwatershed Compared to that of = .
Sage Lot Pond. , .
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Figure E-6. Nitrate concentrations in ground water below areas of Cape Cod having different densities
of buildings, based on data from Persky (1986). (Reprinted from "Couplings of Watersheds and '
Coastal Waters: Sources and Consequences of Nutrient Enrichment in Waquoit Bay, Massachusetts,”
by Valiela et al., published in Estuaries, December 1992, Vol. 15, No. 4, pp. 443-457, with permission
from E'stuaries. “Estuarine Research Federation.) - ,
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- Residential septxc tanks could also be respons1ble for the additional mput ‘of naturally occurrmg

~ nutrients such as phosphorus and nitrogen into both of the freshwater ponds. The MMR STP

plume has been identified as the primary source responsible for increased levels of phosphorous to’

the ground water dxschargmg into Ashumet Pond (HAZWRAP, 1995). Since 1936, the disposal of

treated sewage from MMR has been accomplished through infiltration beds to a sand and gravel .

. aquifer, creating a plume of contaminants 914 m (3,000 ft) w1de 23 m (75 ft) deep, and more than

3353 m (11,000 ft) long, mcludmg high levels of sodium, chloride, nitrogen, detergents, and other
sewage-related compounds (LeBlanc, 1984; LeBlanc et al., 1991). Fate and transport of -

’contammants in these plumes has proven very difficult to evaluate due to the influence of the two

large kettlé hole ponds, Ashumet and Johns Ponds, on ground water flow. Contaminants appear to

‘be both discharging to the ponds and migrating under the.ponds. The USGS is currently evaluatmg '

the current and future impacts of phosphorus on Ashumet Pond; the concentrations’ of phosphorus’

in the hypohmmon are higher in Ashumet Pond than Johns Pond, but preliminary studies suggest’

that phosphorus might not be limiting here (Table E-3) (HAZWRAP, 1995). The Quashnet River-

" and Waquoit Bay are potential future locations for ground water dxscharge of MMR plume .

contammants in the absence of remedlanon :

Atmosphenc NO, and SO, deposition are erther dlrectly depos1ted to surface waters orare .
transported in terrestrial runoff and drainage into ground water. The latter transport pathways

threaten to lower pH levels in the Quashnet River and other surface water- or ground water-fed
“streams in the watershed because there is very little natural buffering capacity in the glacial soils.

The pH of the Quashnet is in the range of 6.0 to 6.4, which is not in the optimum range for brown -
.. and brook trout and does not meet the' Massachusetts Surface-Water Quality standards of 6.5.to 8.0
for Class B streams (Baevsky, 1991). The major limitation for assessing the potentlal ecolog1ca1
effects of nutrlems on the Quashnet River is the paucxty of avarlable data

Conversely, ecological effects of nutrients in the ponds and the bay have been extensively studled

Phytoplarikton blooms have appeared in these ecosystems (HAZWRAP 1995; WBNERR,' 1995).

Increased phytoplankton producthty decreases light penetration, altering the.light regime for

- submerged aquatic vegetation (Batiuk et al., 1992). Macroalgal mats, consisting of the fast-.

growing species Cladophora vagabunda and Gracilaria tikvahiae are present in the shallow- bay

bottom adjacent to highly developed land areas, partlcularly the lower Childs and Quashnet Rivers

(Table E-4). Epiphytes have grown on eelgrass blades (Valiela et al., 1992; Peckol et al.; 1994),

leading to reductions in the size of eelgrass patches in the bay (Orth and Van Montfrans, 1984;

Costa, 1988; Burkholder et al., 1992; Short et al., 1992; Valiela et al., 1992; Boxhill et al 1994;

Hurlburt et al., 1994). Nutrlents might not be the only factors mﬂuencmg phytoplankton and

macroalgal growth in the ponds ‘and bay, since altered/low ground and surface water flow, changes . : :
in the distribution and abundance of herbivores, and light penetration (which changes daxly and ' S
seasonally) could also affect the abundance and distribution of key aquatic flora (reviewed in- '

- Cambridge and McComb, 1984; Cambndge et al., 1986 Day et al., 1989; Neckles et al., 1993;

Boxhlll et al., 1994) ‘ .
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Table 3. Nutrient loading from the Massacflusetts Military Reservation. ‘N + P data extraeted f‘rom ‘
Figures 7.26 through 7.29, Volume II (HAZWRAP, 1995). Biology data extracted from pages 79«80
Volume I, and Figures 7.24 and 7.41m volume IT FHAZWRAP, 1995).

’Nut'riehts- L . Biology (Phytoplanktony-:" -
Site ) Total  [NH, | N0y-i | SRP. [7TSP .| Numberofi .}t |
DIN. .. 't pug-N/L| pg-N/L'| pug-PIL.. ;”g'm‘v-'-'
peeNIL | L

November 1992
Johns Pond | ~60 ~10 | ~50 | ~05 | ~2.56 | ~3000 | 81622
AshumetPond | ~40 ~3 | ~38 |~ ~7- | ~3000 2447-7939

‘ 10.5 ' ,
April 1993 .. -
Johns Pond <~67 | <557 | <10 | <1. 5-.62.3- | 11,000-22,000 | 1100-3800
Ashumet Pond ~750 | <5 ~750 |.<1 ~2 . |20,000-78,000 | 1100-3800
June 1993 B , , |
Johns Pond epilimnion 4070 |2040 [2030 | ~05 | ~1.5 |35009200 | 3002250
Johns pond hypolimnion | 70-460 | 40-460 1<2(5) 055 |1.515 |200-1000 7545
Ashumet Pond epilimnion | ~80 ~30 | ~50 ~0.5 ~10 100-5600 ~25-200
Ashumet Pond ~8- | ~30° [ ~50 Jos- |10180 |10 - <25
hypolimnion 630 630 237 _E
August 1993 _
Johns Pond epilimnion | <30 | <10 | <20 | <05 [254 |4800-37.000 | 2204800
Johns pond hypolimnion . | 40-730 | 10770 | 0-30 . | 0.54. |4-14.5 |2000-11,000 | 100-300
Ashumet Pond epilimnion | <20 <20 o000 foo0o | <5 4800-35,000 | 100-1300
Ashumet Pond 0860 |0860 |040 0380 |[5275 | ~2000 <100
hypolimnion .

Table E~4, Nitrogen loading to water table, chlorophyll concentrations, and mean (+ standard
deviation) biomass of macrophytes in three selected subestuaries of Waquoit Bay. (Adapted from
Valiela et al, 1992, : .

Subwatershed N lodding to water table | , - Total: umcroalgal = Eelgrass biomass
kg Nyrh) o concentranons azmouthsj ‘ g
s (g mP S
Childs River 14209 ) 255+ 7.6 335 + 39.8 ' 0
Quashnet River T 14534 59+ 1.7 150 + 14.3 0
Sage Lot Pond 331.5 39+1.2 . 9% + 12.1 . 117 + 12,6
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- (and dynamic, allowing the young scallops to keep pace with the growth of the eelgrass blades,

.- . attached phase that can last a couple of months (Pohle et al., 1991). This stage is followed by ‘

Finfish and shellfish are at indirect risk from effects of nitrogen loading. Macroalgal mats provide -
poorer quality finfish habitat than eelgrass beds for many resident finfish and for young-of-the-year

‘part-time resident finfish (WBNERR, 1995). Small fish can become trapped in the tarigle of algal
filaments (Sloan, 1992). . Although photosynthesis by the algae on sunny days replenishes the .
oxygen, continuous cloud cover for several days can-produce hypox1c or aroxic conditions under

~ the algal mats and send fishes into shallows where dissolved. oxygen levels are higher (Valiela et

- al., 1992)." Johns Pond is classified as oligotrophic/borderline mesotrophic; Ashumet Pond is -

classified as mesotrophic and the hypolimnion becomes oxygen deficient as a result of increased

decomposition during summer stratification (Ashument Pond Trophic State and Eutrophlcatlon

Control- Assessment Report, 1987, cited in HAZWRAP, 1995). Fish kills occurred in Ashumet

- Pond in July 1985 and May 1986. Mass mortalities of finfish and shellfish occurred in the upper
reaches of Waquoit Bay during July 1987, 1988, and 1990. Valiela et al. (1992) also noted that
reduced photosynthetic activity by the macroalgal mats resulted in higher nutrient concentrations in
the water column followed by a bloom of phytoplankton during a July 1988 prolonged overcast .
period. Preliminary measured rates of gross phytoplankton production and gross ecosystem

- production in the lower Quashnet River varied with time and decreased i in response toa complex
suite of phys1cal factors (Harrlson et al., 1994)

The benthic faunal commumty is affected by nutrient enrichment in two ways First, hypoxic and
anoxic bottom water resulting from-increased algal and microbial respiration, particularly during
cloudy days and nights in summmer months, can produce physiological stress and cause mortalities in . '
benthic community organisms (D' Avanzo and Kremer, 1994). All life stages of hardshell clams
‘appear to be susceptible to low dissolved oxygen levels in the water, with growth rates of larvae .
being reduced below 4 mg/L dissolved oxygen (Funderburk et al., 1991). Adult clams can tightly
‘close their shells and respire anaerobically in anoxic bottom sednnents in order to withstand these
- episodic events, but they generally fare better when dissolved oxygen levels in ‘the overlying water
~ exceed 5 mg/L (Fundetburk et al., 1991). Second, although hard and soft clam growth rates from
cleared bottom areas can increase in response to higher nutrient inputs and increased phytoplankton
production (Chalfoun et al., 1994; Harrison et al, 1994), loss of eelgrass beds creates a loss of
~ habitat that provided shelter, refuge and a food. source for many fishes and invertebrates (Valiela et
al., 1992). Other changes in estuarine benthic communities have also resulted from eutrophication,
‘ (Fnthsen 1991). Invertebrate species abundance and d1vers1ty is lower in areas without eelgrass in
Waquoit Bay (V aliela et al 1992). : :

. The loss of ‘eelgrass appears to ‘be du'ectly telated to the suiccess ‘of scallop larvae. The bay scallop
" larvae attach by byssal threads to eelgrass blades and the small juvenile scallops tend to move up

" the eelgrass blade to escape benthic predation by crabs, starfish, oyster drills and whelks (Pohle et
+al., 1991; Garcia-Esquivel and Bricelj, 1993). Byssal thread attachment by juveniles is reversxble’

-‘which turn over rapidly during the summer. Rapid growth of juvenile scallops occurs during this

. descent to the sediments at the base of the blades, at wlnch time an eplbenthlc existence without
- byssal thread attachment occurs. Aduit bay scallops can occur in eelgrass beds or over bare sandy
substrate (Garcia-Esquivel and Bricelj, 1993). Heavy predation by mud crabs (Dispanopeus sayii),
green crabs (Carcinus maenas), spider crabs (Libinia sp.), and mobile predators (northern puffer
Sphaeroides maculatus) and brachyuran crab (Ovalipes ocellatus) occurs on the small, epibenthic
scallops which have shells and are incapable of complete or provalve closure (Garcia-Esquivel and
. Bricelj, 1993)." Thus, scallop populations tend to be limited by predation on the attached
larvae/small benthic juveniles and water quallty affects the pelagic-larvae (MacKenZIe 1989).
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Toxic Chemicals. The biota of the watershed could be exposed to potentially toxic and
bioaccumulative chemical contaminants. Toxic substances are materials that are capable of -, o
producing an adverse response in a biological system altering or impairing its structure or function
or producing death (Rand, 1995). Toxics can affect the induction or inhibition of enzymes and/or
enzyme systems within the cell, in turn altering the functions of these enzymes. Enzyme -
dysfunction leads to disruption of metabolic processes including, but not limited to,
phosphorylation, uptake, or detoxification reactions, which is reflected in reduced/increased -
production of cellular constituents, changes in cell cycling and replication, and degeneration of
cellular and nuclear membranes. Effects produced by toxic chemicals are’ dependent on the
concentration of the chemical and duration of exposure, as well as the type of chemical, its fate and -
transport in the environment, and other factors. Sublethal effects of toxics include changes in -
behavior, growth, development, and reproduction of individuals, that ultimately affect the relative”
distribution, abundance, and phys1010glcal condition of populations within aquatic communities.
Genotypic and phenotypic factors operating within individuals affect their susceptibility to different
toxicants and ability to metabolize the chemical to produce other compounds of reduced or greater
toxicity. Some compounds, parucularly the more hydrophobic/lipophilic ones, are not readily
broken down in the environment or by organisms and accumulate in the fatty tissues. Toxic effects
then occur when the concentrations of compounds are relatively high or the chemicals are released
when fats are metabolized, as during starvation. :

The majority of the mformatxon concemmg toxic chermcals in the Waquont Bay watershed is
focused on the contribution of contaminated ground water emanating from the MMR (HAZWRAP,
1995). Johns Pond and Ashumet Pond are located south of MMR and are subject to potential

- contaminated ground water flow from the main industrialized portions of the base including
flightline and fueling areas, and open storm drainage ditches. Water moving down through soil
contaminated by past industrial and military activities at MMR has mobilized chlorinated solvents
and fuel constituents forming plumes of contaminated ground water. Several of these plumes are
migrating within the Waquoit Bay watershed (Figures E-8 and E—9) Several study sites or areas of
concern (AOC) are under investigation north of the ponds and the plumes could potentlally affect :
both human and ecological receptors. These sites include: Fire Training'Area 2/Landfill-2 (FTA-
2/LF-2), the Petroleum Fuel Storage Area (PFSA), and Storm Drain-5 (SD-5) (HAZWRAP, 1995).
‘For purposes of this investigation,all of the above described plumes within the Waquoit Bay
watershed have been grouped together as the Southeast Regional Ground Water Operable Unit
(SERGOU). SERGOU plumes originate from FTA-2/LF-2, PFSA and SD-5 and for discussion of
the conceptual model, SD-5 will be combined with runoff from cranberry bogs because of the .
similar stressors, response pathways and resultmg ecological effects. Areas of concern FTA-2 and
LF-2 occupy 20 acres of land used for fire-training exercises that were conducted on the top of a ‘
former industrial/municipal landfill. Compounds disposed of in the landfill or burned on the fire-
training area consist of fuel, waste oils, waste petroleum distillate solvents and domestic refuse.
The PSFA is an active facility that is involved in the delivery of various types of fuel and was the
site of a 2,000 gallon fuel spill in the 1960s (ABB, 1991).

The contaminants from these plumes would affect the northern boundaries of the ponds. Primary
ground water contaminants of concern within SERGOU include chlorinated solvents and volatile
orgame compounds such as methanol (Table E-5). Preliminary studies, however, indicated that
levels of volatile and semivolatile organics in surface water and sediments at these locations in the
ponds were not elevated compared to other sites in the ponds in 1993. Further, it appeared that
some of the detected compounds were introduced as contaminants during laboratory processing of
the samples, e.g., dl-n-butylphthalate and bxs(2-ethylhexyl)phthalate detected in Ashumet Pond in
April 1993; methylene chloride, zinc, and chloroform detected in Johns Pond in April 1993). The
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‘greater number of samples collected in August 1993 in Ashumet and Johns Ponds did not greatly -
increase the number of contaminants detected in the surface water. Neither trlchloroethylene nor its -
metabolite, tetrachloroethylene, nor the common fuel constitutents of the plumes (e.g., benzene,
toluene, and xylene), were detected in fish tissue or freshwater mussel tissue collected from the
pond (HAZWRAP 1995) The Quashnet River and Waquoit Bay are potential future sites for :
MMR ground water discharge effects in the absence of remedlatlon and therefore the contammants .
m the plumes pose a threat to estuarine receptors S

Little data are avallable on the quantltles and effects of pesticides, polynuclear aromattc
* hydrocarbons, polychlorinated compounds and heavy metals suspected of being present in the -
water, sediments, and biota in the ponds, rivers and streams, wetlands, and estuary. The water -
released from the cranberry bogs has contained pesticides and other contaminants that are toxic to’ -
~ trout and other fish species and the macroinvertebrates on which they feed (MBL Science, 1985).
Pesticides from the MMR SD-5 area are primarily insecticides, rodenticides, and herbicides.
Pesticides within the water column can bioconcentrate in ‘aquatic organisms and accumulate in
sediments, bioaccumulate in fish, mussel, or other invertebrate tissues and affect terrestrial wildlife
that prey on these organisms, such as racoons and osprey. Concentrations of PCBs and the
chlorinated pesticides DDD .and DDE were higher in fish from Ashumet Pond than those from
Johns Pond, but all pesticide residues were within the range for comparable reference sites
(HAZWRAP, 1995). Analyses of fish enzymes and freshwater mussel lipids did not indicate " -
exposure to high concentrations of chemicals; catfish from both ponds exhibited a high incidence of
papillomas on their jaws and around their mouths and adenocarcinomas were found in the livers of
two catfish from Johns Pond (Table E-7). The causes of these lesions could be contaminants, o
viruses, and/or genetic factors (Harshbarger and Clark, 1990; Baumann, 1992). Heavy rainfall can s
result in short-term increases and transport of elevated concentrations of chermcal contammants B
These types of eprsodlc events could cause lethal effects to bxota «

. Another tox1c of concern in the watershed is the bloaccumulatrve and neurotoxrc metal mercury. A :
concentration of 1.2 mg/kg was detected in ‘one largemouth bass fillet during a study of the

chemical contaminants in Ashumet and Johns Ponds (HAZWRAP, 1995). This concentration
exceeded the U.S. Food and Drug Administration action limit of 1.0 mg/kg to protect human .

health. Deposition of mercury into surface waters and accumulation in sediments might produce
sublethal effects in pelagrc and benthic aquatlc orgamsms as well as piscivorous wrldhfe

: 9% ’ ‘ ) - Wagquoit Bay Watershed Ecol_ogicalRiSk‘Assessment ;
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Table E-5-1. Chemical contaminants in ground water from the Massachusetts Mxhtary Reservatxon.
Data from Monitoring Well Fence 4, Figures 7. 1 through 7.6, Volume II, HAZWRAP (1995). ND =

Not detected.
MW-s28. MWS2DT . MWSI9- . MW.SIS . MWz
VOC (ug/L) ND ND -
Tetrachloroethene 3 1-2 0.7 7
cis-1,2-Dichloroethene 8
1,2-Dichloroethane 0.6
Trichloroethane 16 0.3
Chloroform 3
“Total Xylenes 2-43
Benzene 12
Ethyibenzene 1 -
1,2-Dichloroethene (total) 0.3
SVOC (ug/L) . ND ND
Di-n-butyiphthalate 1 1
‘Naphthalene 5
2-Methylnaphthalene 11
TPH (ug/L) ND ND 0.6 0.6 ND
Dissolved inorganies® (ug/L) '
Ca 11200 33000
As 11 7.9-19.8
Fe 7050 - 1050-28,200
Mn 1250 w0
Total inorganics® (ug/L)
Cu 46
K ' 1630-2230
Fe 178-788 ‘| 75.4-8600 17560-27,200
As 13 5.4-19.8
Mn | 1450 214-380
cd | - . 3.3
Pb 3.4
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"Table E-5-1. Chemlcal. contaminants in ground water from the Masséchusétté Mjhtary Reservaﬁon
Data from Monitoring Well Fence 4, Figures 7.1 through 7.6, Volume m, HAZWRAP (1995).
Not detected (contmued) :

Mg o o : . |'s630°
Nutrients (ug/L)

SRP? . . | 26232639 | 4192264 | 23.624321° | 6.1521.33

TSP? “ L ' 25.07-29.87 6.13-1387 - | 21.07-35.73 | 8.8-19.73

NH® , 019063 | 0.14-068 [0.09:0.10 | 0.05i9.81

NOy? . © | 572.1-1397 | 396-1615 | 19312085 | 2.82-2014

1 Values exceedmg background levels
2AsP
3AsN

Table E-5-2.' Monitoring Wéﬂ Fence 2 (Figures 7.7 through 7.12, Volume II, HAZWRAP, 1995).

VOC (ug/L)) - , ,
- Chloroform 4 12 o S A 1

) Trichloroethene ; _ Jos o ‘ ' {1 |3
Methylene Chloride L 2. ‘
Tetrachioroethene . . T otz v Jos
Trichloroethene “ o ) .; : 0.9 .
'SVOC (ug/L) . ) ;| B I ND
TPH (ugll). -~ . ND ND ND 10.7-0.9
Dissolved inorganics! (4g/L) '
Fe S : 72.6 S g 103,
w [ |
k. L ' 1680
Mg o ] v 4830
. Total inorganics' (ug/L) | ‘
Fe L o e ‘ - : 315 -

100 ‘ ' o ; Wagquoit Bay Watershed Ecological Risk A&ses.fmem




(continued).

MW-540

Table E-5-3. Monitoring Well Fence ¥ (Figures 7.13Mgb}ﬂ7128thnn

MW-539

U FEATIVRARY 19995) -

. MW-S44

Mn

456

K

1910

Pb

Zn

‘Al

Nutrients (ug/L)

SRP?

5.17-25.58 .

3.05-23.29

8.76

1.25-28.19

TSP?

-8.27-26.67

6.67-23.47

- 10.67 .

5.07-31.2"

NHJ?

0.41-6.68

0.25-1.96

1.55

0.36-39.26

NOy

40.64-3521

15513260

1032

14.74-1977

! Values exceeding background levels
TAsP
JAsN

Table E-5-3. Monitoring Well Fence S (Figures: 7.13_ through 7.18, Volume II, HAZWRAP, 1995).

VOC (ug/L)

Trichloroethene

Chloroform

1.2-Dichloroethane

SVOC (ug/L)

Di-n-butyphthate

TPH (ug/L)

Dissolved (ug/L)
inorganics

K

1770-3040

28,500-39,500
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. Table E-5-3.

Monitoring Well Fence 5-(Figures 7.13 through 7.18, Volume II, HAZWRAP, 1995) - -

(continued)
Mg 5030-5740
Mn 250-443
Total inorganics' (ug/L) ’ B
Kk ' 1600 2260 | 5480
Mn 368 | 254-597
Fe 9.7 137-514 158-14,500
lca - 16700 28,600-37,100
Ba 68.7
As 6.5 8.4
Mg 4950-8260
Al 11000 .
Be - 1.4

| Cr 24.4
\ | 26.5
vlfJutr‘ients '

SRP? 1.9-33.58 2.88-35,37 51.37-71.29 2.56-15.62 24.44-73.90
TSP - 18.67-35.47 | 0.05-33.6- | 48.27-6027 | 9.8720 - 1 29.33:65.87
NH,? 0.832.59 | 0945115 | 032069 - |2027-1509 | 0.0424.78
NO;’ 158.8-1939 240.7-1404 . | 13251116 | 6624248 . 889.4-1622-

g Values exceédiﬁg backgrpﬁnc_l levels | ‘

2AsP o '

_ P AsN v ,
102

Wagquoit Bay Watershed Ecological Risk'Asse.s;Smem =




Table E-6-1. Chemical contaminants in Asilumet and Johns P;)nds (Volume I, HAZWRAP, 1.995,
Figures 7-33). : . : , . o
( Ashumet Pond. April 1993. 7:
Carewin o amwalt
i Water concentrations in wug/l
VOCs | |~ ND ND ND
SVOCs : . . ND
Di-n-butylphthalate . 1 1
Butylbenzylphthalate ‘ ) ’ | : N
PEST/PCBs 'ND ND ND . | ND
Metals
| Mn 34 .| 357 B EY: 29.9
NA ( .| 8660 - | 8780 .- | 8630 | 8860
Ashumet Pond August 1993! ' .
APSW-1 APSW-2 APSW-3 ' APSW-4
‘ Water concentrations in‘ ugh '
vocs |~ Y ND | ND
Acetone - 1 16 : | '
SVOCs | ND |
Pemachlorophen;)l 1 : N
PEST/PCBs ' ND © |ND | ND ND
Metals ’ ' ‘
Ba 2.92.1 2.84.3 ; 3 : 2.6
Ca , - | 1920-2900 1930-2540 1885 1850 b
Fe 60.5-1250 44 : ' ’
Pb I B X , :
Mg ~ 2170-2230 | 21302170 fas [ 2200
Mn 29.6-1770 36.3-3¢4 45.1 " 46
K 11702060 1170-1230 1270 : 1256
Na 8560-8920 8370-8770 %025 8767
Zn ’ 57121 6.1 '
'Vol, II, HAZWRAP, Fig. 7-34.
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- Table E-6-2. Ashumet Poqgl sgdi‘mepts-,' 3rd quarter results. (V@luine I, HAZWRAP, 1995, Table 7=

4. -
Compounds
'VOCs (ug/kg) [ ND ND
Tetra-chloroethane. , 17 ' o
1,1,2,2, Tetx{a-chlorogth‘ane
'i,l,l,Trichlord,-ethane 2] o
Toluene 7 - 95000/59000
Chlorobenzene ’ 2 ; ‘. ) , ‘
Acetone. . - 2803 160001/1000003 -
2-Butanoné (MEK) 20J 9201/1400]
Methylene Chloride 1000 | 15000722000
Carbon Disulfide 2
Ethylbenzene - 870/ND
SVOCs (ug/kg)_ |
Di-n-butylphthalate 2209 S8IND | 54- 743
Bis-2-ethylhexylphthalate 170 820 491 860
Di-ethylphthalate 517 | 571
TIC (Benzoic Acid) 5707 sums | 1607 310
Pentachloro-phenol 535 761
Pﬁenanthrene 2703 - 2905
‘Carbozole 553
Fluoranthene 390 -400 .
Pyrene 1380 470
Bemo(b)ﬂuo}anthene 1707 . | '1701
‘Benzo(a)pyrene ' 15071 | 1505
. ‘Indeno(l ,2,3cd)Pyrene 1107 ‘
BénZo(g,‘h)pérylene 88y
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Table E-6-2. Ashumet Pond sedxments, 3rd quarter results. (Volume I, HAZWRAP 1995 Table 7-4)

(contmued)
Ashumet Pond Sedlments August 1993 - ‘ e
. APSD:L. APSD2' ' APSD3 . APSDA4~ APCBAl' - APCB2 | < .* .
Pesticide/PCBs (ug/kg) ND | ND ND ND  |ND ]
4,4'-DDT ‘ o : - 186
Metals (mg/kg) | e h
Al 1610 914/793 | 1110 548 397 . | 1680
As ‘ 2.2 o 1.1
Ba v 113 9.5/82 |95 7.9 1.8 1 13.9.
Ca , 333 2667198 | 118 | 128 67.4 | 1170
Cu 2.3 - 112
Cr o 23 74
Fe .| 1660 ;250/117 1860 s - | 732 4850
Pb 19.43 12.8/8.7 | 2.7 61 1 |24
Mg 321 2131223 | 258 109 130. | 773
Mn ‘ 66 7.8/68 |176 | 56.9 57. - | 582
K 223 115/76 - | 174 69.4 435 369
e 120 | 56373 |43.8 607 -|455 |85.5
\ \ 3.630 |45 ' 12.9 J
Zn 43.7 15419 [102 124
VOCs - Volatile Organic Compounds
) SVOCs - Semivolatile Organic Compounds
PCBs - Polychlorinated Biphenyls T ND - Non Detect
TIC - Tentatively Identified Compound | 7- Estimated Value
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Table E-6—3 Chemlcal contammants in Ashumet and Johns Ponds (Volume 11, HAZWRAP 1995,

Flgure 7-36) . . »
Water concenﬁations in ygll

voc . ND | ~p ' ND .
Methylene chloride e " . '
Carbon disulfide . R - Hos
SVOCs ' ND | '
Di-n-butylphthalate - ] - 2 2

-] bis(2-chloroethyl) ether’ ' ) 12

,_ Diethylphalate , 2

'PEST/PCBs ' ND | ND ND ND
Metals ' o I '
Fe = . L 489, . |ma3 . |49
Mn ' | _ s |24 " lks 14.1
Na 8910 {8780, 8810 8840
Zn ez |ss . lag 4.3

B ' ' Johns Pond August 1993 o .
JPSW-1 _ JPSW-2 JPSW-3 | JPSW-4

. _ Water concentrations in ug/l ‘ e !
VOCs. . |Nb - |np - |nD ND
SVOCs- - I I ND N ND
Tributyl phosphate |16 ' , ' v
PEST/PCBs ' | IND - ~Inp |~
o : : —
Al e : - ] o fa20a

las ' e o 2.1

1 'Ba ' 6.924.7 1678 1 6.9-11.5 |7
Ca . . | 28403350 - . | 28403270 | 2770-2800 2874
Fe . 54.6-1240 o 24.5-159 ’

| Mg - 21302160 . | 21502160 - 215(»2200 | 2148
Mo . 36.5-1320 1256 202631 | 1475
K ] os1-1100 - 969-998 ' 995-1100 . loss o
Na ° R 8300-8630 84408800 | 84108880 | 8924
Zn , 38.9 ' ' '
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Table E-6-4. Johns Pond sediments 3rd quarter results. (Volume I, HAZWRAP 1995, Table 7-5).

» , Johns Pond Sedlments, August 1993 ‘ o, . .
. yPsDd4 - JPSD2 . JPSD-3- . JPSD4 :'.}i’bn-if.‘-' :..-‘,;‘Jpcn'-'z
' Compounds
VOCs (ug/kg)NDND ND/ND
. 2-Butanone (MEK) 257 ) 4113 R )

Toluene 5 .
Acetone . 4907 37 4707 77 e 387
Carbon Disulfide 5y " 317 | N 44
Methylene Chloride 130 e ' ‘
SVOCs (ug/kg) * ND .

Di-n-butylphthalate 160 | 1300 507 621461 - | 60
Bis2- , : B Jaser 527 451/ND K
TIC (Benzoic Acid) - 5 B T | sar
PESTICIDE/PCBS ND ND ND ND  |ND ND
METALS mg/kg | 1 .
Al | 56308 7413 70505 - 16301 | 409/-3473 | 2070
As ) 1.97 ' 0.467
Ba , 32.9 3.8 40.1 7.7 2.2/1.4 10.3
Ca 925 167 . | 1120 182 . 44.8/-64.3 328

] cu - - R 173 : 3.8
Cr 10.1 ‘ | 10.9 . - 2.5
Fe ' | 3gs01 1270 56405 15405 6713/530) | 12801
Pb . 24.2 5.2 - l266 . |39 ND/0.46 7.5

| Mg 989 318 1250 - | 355 162127 . 192
Mn 147 172 126 ] 4.2 1471|302

1k 520 12 599 - 142 |14739.8 104
Na 315 71 |2 507 - . |59.937.4 84.6
v 113 |33 . 15.9 5.5 3.9
z S 9.4 |39 11 7.0/4.1 211

© Key: .
VOCs - Volatile Organic Compounds . - ' A ND - Non Detect
SVOCs - Semivolatile Organic Compounds ' . J - Estimated Value L
° PCBs - Ploychlorinated iBiphenyls o ‘

TIC - Tentatively Identified Compound
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Table E-7. Summary of hxstopathologlcal examlnatlons for brown bullhead catfish from Ashumet and |
Johns Ponds, Cape Cod MA (Volume II, HAZWRAP 1995, Table 7. 17) v

N .‘Pmidlq'g‘y-; 7.7 Johns Pond -
T . (frequency of occurrence)
Exterior SoresiGrovtrt.hs : o 47% ,; ) S : 67%
Liver Cancer - o 000 - . : . 2 mdmduals
Macrophage‘Aggregates’ - 80%_ moderaté/‘severe, - v 90% moderate/severe
Functional Livér Tissue | 8% T oa

Eelgrass Disease. Pathogens mclude mfectrous agents of disease such as viruses; bacteria, fungi,
and protozoa. Disease is any impairment of the vital functions of an organism; it can be caused by
other organisms known as pathogens (biological stressors) or by abiotic factors (physical and
chemical stressors discussed above). Pathogens can be endemic or introduced. The severity. ofa .

- disease is influenced by the susceptibility of the host, virulence of the pathogen, and environmental
‘factors that can affect the ability of the host to resist infection as well as the proliferation. of the
.pathogen in the environment or in the host, Diseases caused by pathogens affect commercially
important finfish and shellfish species in freshwater and estuarine ecosystems, as well as the
organisms on which they depend for food, shelter, and other resources (Smdermann 1990; Couch.
- and Fournie, 1993). Outbreaks of disease can occur sporadically, although chronic infections can
produce sublethal adverse effects in some individuals of a population at all times. Biotic diseases .
can also affect behavior, development, growth, reproduction, or survival of the population infected
by a particular pathogen, as well as mdrrectly affectmg dependent populatrons and producmg a -
cascade of effects in an ecosystem '

Although some pathogen—mduced diseases of ﬁnﬁshes, shellfishes, and other aquatic orgamsms
have been reported elsewhere in the Northeast and probably occur in Waquoit Bay watershed.and .
black-crowned night-herons that feed in the bay have been found with abdominal lesions of
unknown origin (WBNERR, 1993), the most significant biological stressor recogmzed in'the -
watershed is a disease affecting eelgrass. Eelgrass was at one time the dominant submerged aquatxc
vegetation in coastal areas of the North Atlantic. - In the 1930s the wasting disease, caused by a-
slime mold (Labyrinthula) eradicated about 90 percent of the eelgrass meadows on both sides of the
Atlantic. The eelgrass recovered, but then declined again. In the 1980s, another outbreak of the
disease affected eelgrass beds in the United States (Short et al., 1988). After the 1930s outbreak
many species characteristic of the eelgrass meadows drsappeared including the gastropod snails
Bittium alternatun and Mzterella the Atlantic brant (Branta bernical hrota), and the bay scallop '
(Short et al., 1988; Short et al., 1992). Bay scallop larvae and juvemles attach to eelgrass blades to
effectively avord predators (Pohle et al 1991) : . ;

‘ The eelgrass wastmg dlsease has been found in a 1989 survey only in the Hamblin Pond area of the
Wagquoit Bay complex (Short et al., 1992). The marine slime ‘mold is adapted to the more saline
-waters of the lower reaches of coastal ponds. Inthe aftermath of the wasting disease, some

eelgrass survived in the less saline parts of estuaries. ‘Today, these eelgrass beds are threatened by
their proximity to the coasts with their collateral load of nitrogen and suspended sedlments (Short,. .
1988). The wasting disease rmght also act synerglstlcally with stress from reduced hght resultmg in -
decreased eelgrass growth : :

08 T S N  Wagquoit Bay, Watershed Ecological Risk Assessment’




Fisheries Harvesting. Harvesting of finfish and shellfish species by humans is another biological
stressor identified in the Waquoit Bay watershed. Removal of aquatic resources at rates faster than
the organisms can reproduce and replenish the populations results in reduced abundances and '
limitations in distribution, as well as adverse effects on the species that prey on these commercially-
or recreationally-important species. Overharvesting has been recognized as serious threat to the .
stability of freshwater, estuarine, and marine ecosystems (reviewed in Gulland, 1983).

Commercial fisheries can deplete stocks year-round, although ﬁshmg pressure is greatest in
summer when weather conditions are best.

In the Waquoxt Bay watershed, most of the finfish harvestmg effort occurs offshore, focusmg on
winter flounder, summer flounder, tautogs, and Atlantic pollack. Adult winter flounder can be
restricted in their offshore distribution range from certain estuaries, so that it is not clear that the
Southern New England.(SNE) stock is indeed a distinct subpopulation of fish (biological stock as
opposed to economic stock). The same situation ‘might apply to adult tautogs. Summer flounder
are at the northern extension of their range in the SNE area, so that this species has a lesser impact
in the offshore region from Waquoit Bay. Quantitative assessments provide evidence of regional
impacts resulting from fishing mortality and natural mortality (resulting from habitat degradation,
pollution effects, eutrophication, meteorological events, and long-term changes in climate). .

Winter flounder and summer flounder are part-time estuarine residents that are important
commercial species in southern New England. Fishing mortality resulted in a 55 percent decrease
in annual survival for summer flounder and a 38 to 42 percent decrease for winter flounder in 1992
(NMFS/NEFSC/CUD, 1992). As a consequence of combined fishing and natural mortality, the
annual survival for summer flounder. is 27 percent and that for winter flounder is 24 to 28 percent,
which implies that both species suffer from excess harvesting. Thus, regional commercial and
recreational fishing activities play an important role in their distribution and abundance in Waquoit
Bay. The SNE stock biomass levels for summer flounder decreased dramatically from 1985to - -
1991, and was dominated in 1991 by fish aged two years and younger (adults are viewed as-two
and older). The winter flounder stock in SNE decreased to record low levels between 1989-1991,
with a 1991 commercial catch of 4700 metric tons and a recreatlonal catch of 1100 metnc tons -
(NMFS/NEFSC/CUD, 1992)

For the tautog, in Southern New England state waters the maximum estimated fishing mortality
ranges from 0.15 to 0.33 (14 to 28 percent decrease in annual survival). The Massachusetts state’
bottom trawl survey for Region 1 (Buzzards Bay and Vineyard Sound) and Region 2 (Nantucket
Sound) has shown a decreased index of abundance from 1982-1986 through 1992, even thougha
common indicator of overﬁshmg, reduction in the average size of the adult tautog caught in
Reglon 1, has not been detected (Caruso, 1993).

Recreanonal ﬁshmg of rainbow trout, brook trout, yellow perch and smallmouth bass within the
freshwater ponds systems is creating a demand on these resources and an mcrease in local ﬁshmg
efforts could reduce these resident finfish populations.

Shellfishing (commercial and recreational) in Waquoit Bay is regulated by the shellfish wardens in
Falmouth and Mashpee; commercial harvest records extend back to 1965 in Falmouth, and from
1976 through 1987 in Mashpee (Table E-8). Town shellfish landings depend on shellfish seed set.
or availability and fishing effort related inversely to shoreside employment opportunities
(MacKenzie, 1989). The quahog landings have been relatively stable during this period. Softshell
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landings mcreased probably asa consequence of more effort dlrected toward th1s shellﬁshery
~ Scallop landings, however, have been mixed due to the short-lived (two years) nature of this
“species and variable recruitment. Adult quahogs are suscepuble to overfishing because of their
- slow growth and variable recruitment; the population in the bay is dominated ‘by commercially
undersized clams (Funderburk et al., 1991). The slow growth’ rates might also contribute t6
increased susceptibility to predation. It takes approximately two years for juvenile quahogs to
-reach a minimum length of two inches in southern Massachusetts. -

‘Table E-8: Shellfish Harvest by Year in Waquoit Bay, Froin Falmouth Commercial Harvest Records.

6 | mm C 2074 1 - | -
1977 |l a0 s - | - 232 .
1978 Y s | om0, |0 -
v R 0 | e, | - s
1980 . | 398 P 244 coes | e ‘
1981 | . - 3540 : 596 Comoe | Y
982 - | a0 | o e | 1630 6
1983 4410 .| . . 550 1938 1 100
1986 2750 - |- 3150 -z T
1987 | . 3045 © o200 | 0 w9 | -
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APPENDIX F: LAND USE MAPS FOR WAQUOIT BAY
WATERSHED o
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Land Use Caregerres

Water Based Recreatlon

Yulti- Famrly Resrdentlal
~H1gh Densrty Residential

Medium Density ResrdentraI ."'

Low Density Resrdentral

Salt Wetland
Commercial

Industrial
‘Urban Open and Publ -
Transportat1on_, |

Waste Dlsposal o

Crop Land f \

Pasture | ~§?& Water = o
fForestland - [T Woody PerennraLV‘~
:Fresh Water,Wetland - eﬁ\*‘ Cranberry Bog
Mining BB Golf Course'

Open Land | | Y Marrna

'Partlcrpatron Recreatlon -

Spectator Recreation






Land Use Change over Time (ha)

Land Use

Agricultural Land
Pasture

Forest

Fresh Water Wetlands
Mining

- Open Lands:

Outdoor Recreation-—Participation :

Outdoor Recreatlon——Spectator
Outdoor Recreatlon——Water Based
Multi-Family Residential
Dense Residential

Medium Residential

Light Residential .

‘Salt‘Water Wetlands-
Commercial ”
Industrial ’

Open and Publlc Urban Land
Urban Transportation

' Waste Disposal

Open'Waber

Woody Perennials
Cranberry’ Bog’

'quf Course

Marina

Total
Total minus open water

1951 -

358.

140

3717.

31

185

90

110

425.

321.

111

. 5493
© 5171.

38
.53
88
.19

.97

.76
.21

64

71

.11

.39

68

175

28.

3421

177

122

261.

118

17

-0

324.

25
. 68
24
0

'5493.
5168

1971

.33
86
.26

74.
" 20

80

.08
.94

.65
.70
.52

.23
83
.55 .
.4,
2.

87

54 .
‘ .94

580.
.92
42
.30
.01
.92
.53

43

01

.59

1980

162.
12,
3201.
‘ .56
.79
191.

49
i8

27

286.
371.
143.
© 1.46.

12

591.

324
21.
51

25

5483.
5169
~

07
89
53

77

.22
14

19

56
06

-58
98

34

58
.63
.18

53
.19 .

1985

117.27
28.62

3059.65
'80.87

1 23.50

171.26 -~

6.38
3.18
29.43
-10.55
34.26
343.30
398.36

129.47",

- 11.84
- 1.96
203.03

437.01 °
2.42

354.48
34.18
31.71
~ 26.85

5539.58

5185.10

1990

'114.18
36.96
2649.91
83.05 -
27.89
179.52
. 5.15
. 3.18
28.05
29.64
43.83
480.40
574.77
129.10
17.22
3.73 .
224 .34r
440.40
4.07

371.67

14.83.

41.77 -
46.21
2.78

5549 .86
5178.19
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Pond

Cape Cod |
Massachusetts

1 Eel Pond

Pond Recharge Areas
A SnakePond

‘B Ashumet Pond

C Johns Pond

Drainage Sub-basins .

- 2 Childs River
3 Head of the Bay
4 Quashnet River
5 Hamblin Pond
6 Jehu Pond
7 Sage Lot Pond |

Sagg Loty '7

e oS s
{I%lwpond

0 E 2 3 4 5 Kilometers

Scale 1:100.000 .- -







